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iMZROoocaaoN 
The' pulse crops which have thelx own Is^ortaaoe to 
human food axe the neobexs of the Subfaodly papllionaceae 
of the fanily leguninosae. As food grains* they stand next 
to cereals. They are valued as food because of their high 
protein-,(22 to 25 %}« starch (about 58 %) and oil contents 
(2.5 %) . 
Vitaains A«B aiKl c are also reported fron them espe-
cially from sprouted seeds. The protein material in pulses 
is more than in any other vegetable product. The protein 
occurs as aleurone gxains in the same cells with starch 
grains. 
The pulses because of their high protein contents 
form iB|>ortant dietry item in India where a substantially 
large population is vegetarian. Froa it various culinary 
preparations are made particularly dal. The pulses had 
been in cultivation and a source of food from aboriginal 
tisM all over the world. 
The pulses find their importance to animal nutrition 
to which they contribute by the seeds* hulls and green parts, 
They also form excellent green manures due to the presence 
of root nodules containing nitrogen fixing bacteria. 
pea (PlBua sativqw) la the principal pulse coamonly 
used In India. It belongs to paplllonaceae family. There 
are two ^pes of Peas - Garden pea and Field pea« belonging 
to the genus Pl8um> bat a considerable confusion exists re-
garding the aqpedflc dellodtatlon of P^ sativum. Soias authors 
kee^rthe single species p^ arvense Linn under the field pea^ 
considering It as an Interoedlate state of progression from 
wild pea to cultivated garden pea. Others Include both the 
field and garden peas under g. sativum as Sul>species or 
varieties, since they 9xe reported to be capable of cross 
breeding under natural conditions. The differences between 
the two groups are confli»d to minor characters like the 
habit of plants, the colour and size of flower and seeds. 
garden pea (Pt^um sativum var. hprtense) Is an annual 
herbaceous plant, as dwarf as 15 cm::, and as tall as 1.50 m 
or more. Tap root Is wUll developed with masrf slender late» 
ral branches. Stem Is angular or roui^, flstular, glabrous^ 
non pigmented. Branching Is variable* Leaves are plnnately 
coapound, having 1 to 3 pinnae, oval to oblong, 25*50 mm 
long, entire with mucronate tips, normally green and glau-
cous, the vqpper pinnae may be modified as tendrils. Flowers 
are large, white In colour. Colour of pod Uarles from yel-
lowish green to dark green. 
Field pea (Pis\im sativum var. arvense) resembles the 
garden pea In most of Its cdiaracters, exciting ths following. 
Leaves sometimes with greyish mottling. Flowers coloured. 
poets snail soMStlMS puzpla^seeds distinctly saallex than 
those of the garden peas. 
Hybridization hetween the garden and the field peas 
has given rise to new types. 
No wild ^nP®^ ^^ Garden pea are known* bat andoobtedly 
wild ^^es of field pea are recorded in sub Alpine region of: 
Georgia in U.S.S.R. Sons of the wild ^rp^e belong to species 
P. elatttis (Steven) a weed found growing asong grain crops 
and distributed -^ rom Burope eastwards to central Asia and 
Southwards to Ethiopia. Other closely related species 
found wild are p. fulvui and p. syriacum. it is believed 
that cultivated peas have originated isy hybridisation among 
sons of these species and by their back crossing and nutat-
ion in various regions, four centres of origin are recog-
nised of which two are considered primary. One is ifediter* 
ranean region characterized by peas with predominantly large 
pods and seeds and the other - North west India and Afghanis-
tan region characterized by small fruits and seeds but poss-
essing valuable properties like speedy maturation and resis-
tance to drought (vavilov) • 
Peas are one of the earliest crops with which control-
led breeding work had been initiated for the production of 
io^roved types and it was the work of Mendel on this crop 
that has led to the development of modern Genetics. All 
the forms of cultivated peas so far studied have the tisuco-
mosome number 2n • 14. 
Z Q the temper«t« x«gioii of the world pea is grown as 
garden or field crop and in the tropics it is grown as a 
cool season crop or hilly coantry crop* Pea is a crop of 
worldwide inportance, grown particularly in Asia« Europe 
and U.S,A. China possibly is the leading country for pro-
ducing dry field pea. in India the most iB(>ortant State 
cultivating pea on a field scale is uttar Bradesh which 
includes about 83 % of total area under this crop in the 
country. Besides this pea is grown in Bihar* Madhya Pradesh 
and Maharashtra. The chief pea producing districts of UJP. 
are Aligarh« Basti« Azangarh* Bulandshahr« Meerut, Qorakh-
pur« Faizabad, Stah* Mainpviri* Etawah, Allahabad, Deoria# 
oonda etc. which together include about half of the total 
area under cultivation in this country. The pea crop grows 
best in areas having cool growing season for at least five 
•onths duration. These conditions are net within the plains 
of Punjab, Western Uttar Pradesh, parts of Rajasthan, Delhi, 
and in the hills of Kashsdr^the Punjab, Hinachal Pradesh, 
Uttar Pradesh and west Bengal. In other pea growing areas 
such as the States of Madhya Pradesh, Maharashtra, Mysore, 
Andhra, Eastern Uttar Pradesh and West Bengal, the growing 
season is comparatively short and the winter mild, pea can 
be grown on a variety of soils - light sandy to heavy clays. 
Light soils should preferably be used for growing early 
crops for vegetable pijposes. But for the harvest of dry 
peas for which main season varieties are grown, heavier types 
of solls« such as silt-loans and clay-loams axe preferred. 
Thus best crops are grown on deep loaioy soils of the indo-
Gangetlc alluvial region. The plant thrives also under al-
kaline conditions but does not do well if the pH falls below 
5.5. The most favourable range of pH is between 6.0 and 7.5. 
Peas have generally a low nitrogen requirement but in other 
respects, the fertilizer requirements are normal. It has 
been observed that except in soils of very low fertility, 
peas in general do not benefit from an application of farm-
yard manxire. The manuring of peas would depend mainly on 
fertility and type of soil. On rich or moderately fertile 
soils, neither organic manure nor nitrogen from inorganic 
sources ia necessary. Peas do not grow well on poorly pre-
pared soils^ a reasonably crumbly deeply worked soil is re-
quired. 
The sowing of garden peas commence during the first 
fortnight of October and continues till November in the 
plains of northern India, in the hills of northernIndia, the 
spring sowing commences in February and another sowing is made 
for autumnharvest during the rainy season. For the over winter* 
ing crop, sowing is made during October - November, in some 
parts of peninsular India besides the main sowing, an addit-
ional sowing is made during June-July. In field peas, the 
sowing period extends from mid-October to the end of November. 
The green pods for the market are hand pl(^ed. Green 
peas are visually packed in gunzxy bags and the use of Cratea 
and special baskat is not in yogue. The yield of green pods 
varies with the •ariety* clinatic conditions^ soil, manuring 
and irrigation. It has been estimated that per hectare yield 
for India as a i^ole works oat to 43.48 quintals, peas in 
India, as elsewhere, are consumed in a variety of ways. 
The fresh ones are consumed as such or canned^ curried and 
dehydrated, the dry ones of certain green seeded varieties 
are also processed for canning. The white or grey seeded 
varieties with yellow cotyledons are used as split peas or 
in the form of besan. 
A large number of fungi, bacteria and nematodes have 
been reported infecting field and garden peas causing seri-
ous damages to plants, pods and seeds. Nematodes mainly 
affect the root system of pea plants and cause various 
types of diseases either by themselves or in association 
with other pathogenic organisms. The major n«aatode pests 
of pea are Meloidoqyne incognita (icrishna Murthy et al,^ 1967), 
Meloidogyne lavanica (Chaiilwani et al.^ 1967) and Rotvlenchu-
lus reniformis (Rashid et jal.^  1973) . Besides these some 
other nematodes have been found associated with pisum sati-
vum. They are Aphelenchus avenae (Khan, et^  al., 1964), Heli-
cotylenchus bihari (Mulk and Jairajpurij 1974), Heterodera 
cajani (Koshy, 1967), H. vigni (aiq>ta and Edward, 1974), 
Hirschmanntella mucronata (Rashid et al.i 1973), Hoplolai-
•ua geleatus (Prasad and Das^\^ta, 1964), Longidorns bre-
vicaudatus (Khan and Khan, 1973)j pratvlenchus loosi (Sethi 
and Swarup, 1971), £. pratensis (Prasad, 1960) and 
TylanchorliyndMH vnlgarla (Upadhyay and Swaxup, 1972). 
During the survey of pea fields more or less a constant 
occurrence of root-knot nematode CMeloldogyne spp.) and renl-
fora nenatode (Rotylenchulus renlforats) was observed In tbe 
root and soil saiqples collected from several pea growing 
areas of Allgarh district of Uttar Pradesh. The Individual 
or concomitant occurrence of both the nematode species was 
Invariably associated with the seedling mortality and stun-
ting of plants which showed necrosis and galls on the root 
system. 
Keeping In view the loportance of the crop and associa-
tion of root-)cnot and renlform nematode with pea plants obser-
ved In the field. It has been considered desirable to study 
the pathogenicity and control of root-knot and renlform nema-
todes on pea. it Is proposed that the following Investigat-
ions will be madet 
1. Identification of races of M. Incognita and R.renl-
forid.s associated with pea In Aiigarh and Its neigh-
bourhood. 
2. Studies on the pathogenicity of Meloldogvne Incognita 
and kotvlenchalus renlformls on pea using different 
Inoculum levels Tuod seedling age. 
3. Studies on the effect of Interaction of different 
Inoculum levels of R. renlformls and N. Incognita 
on each other's developmant, naltlpllcation and on 
the host. 
4. Studies on the effect of simultaneous and seguentlal 
Inoculations of Rhjgoblum. N. Incogplta and R. renl-
formls on pea growth, disease develqpmsnt and^nematode 
•ultlpllcation tislng split root and entire root Inocu-
lation te^lhnlques. 
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5. Studies on the biological control of root-knot and 
reniform oanatodes on pea using Paeciloniyceg lilacinns« 
6. Studies on the effect of culture filtrates of cooaonly 
occvcring soil fungi on disease deyelopnent and plant 
growth of pea. 
7. Studies on the effect of seed treatment with certain 
chenicals of plant origin* plant extracts* selected 
oil calces and neaaticides on disease develqpnent, 
nea»tode penetration and anltiplication. 
8. Studies on the effect of plant extracts of some 
plants of ^isguadnosae and Ooqpositae families on 
the hatching and nortali^ of root-knot and reni-
fora noaatodes. 
9. Screening of available pea varieties against R. reni-
forais and M« incognita for locating «oao and^milti-
pathogenic resistanoe. 
REVIEW OF LITERATURS 
Different populations of a single species from differ-
ent habitats and occurring In different geographical regions 
may often show differences In their biology, ecology, and 
physiology. For the success of plant breeding prograames 
for disease resistance and for studies of host parasite re-
lationships knowledge of occurrence of biological races In 
phytbparasltlc nerafttodes Is essential. Rltzema Bos (1888) 
for the first time reported that populations of Dltvlenchus 
dipsacl collected rrom different plants showed variations In 
pathogenicity and host preference. Such populations are ter-
med as races, strains, biological races, blotypes or patho-
types etc. and the phenomenon as *^hyslologlcal specialisa-
tion". Physiological variation has been found In plant 
parasitic nematodes such as Dltvlenchus dipsacl, D. dest-
ructor, Radopholus slmllls, Tylenchulus semipenetrans, Aphe-
lencholdes rltzemabosl, A. fragarlae, Rotylenchulus renlfor-
mls, Belonolalmus longlcmatus, and species of Meloldogyne, 
Heterodera, Globodera and Pratylenchus etc. 
Pathogenic variations among popxalatlons of Meloldo-
gyne spp. are c(»amon. Christie and Albln (1944) and Christie 
and Havls (1948) experimentally demonstrated the existence 
of races of Heterodera marlonl (earlier name of root-knot 
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nematodes) and provided a basis on which Chitwood (1949) 
reclassified the group into the genus^ Meloidogyne« Allen 
(1952) gave an early evidence of the variations within 
different M. incognita acrita populations. He found that 
several pqpulations of this species collected from cotton 
in California displayed a wide diversity in host plant 
specificity. Similarly Martin (1954) observed that cul-
tures of H. incognita and M. incognita acrita from dif-
ferent cultivars of cotton showed ranges frc»a no parasitism 
to severe pathogenicity. 
Sasser (1954) showed that there were one or more 
crop plants which were not attacked by some root-knot nema-
tode species and that the non«ihosts varied with the nematode 
species. Sasser and Nusbaum (1955) observed that a populat-
ion of M. incognita acrita that attacked cotton severely was 
unable to attack tobacco whereas another population from 
neighbouring plots attacked both. Distinct physiological 
races in M. arcnaria, M. hapla^ M. incognita and M. Javanica 
were recognized by Colbran (1958) . Goplen jet ^  (1959) iden-
tified three biotypes of M. incognita acrita and two each of 
M. hapla and M. javanica. Sasser (1972) studied reactions of 
15 populations of M. incognita, .15 populations of M. javanica 
and 10 populations each of M. hapla and H. arenaria# None of 
the 11 M. incognita populations from Asia, Africa and America 
(North and South) reproduced on peanut or strawberry but all 
of them reproduced on watermelon and sweet potato. Only one 
population (collected from peru) reproduced on tobacco NC-95 
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but failed to parasitize pepper. Two populatloiis each 
fron Peru and U.S.A. and one from Ivory Coast reproduced 
moderately on cotton but another two populations (one each 
from U.S.A. and Belglxun) reproduced only lightly whereas 
four populations (One each from Qceece and Nigeria and two 
from Taiwan) failed to develop on cotton. 
Taylor and Sasser (1978) gave a modified series of 
differential hosts for the Identification of four common 
Species of Meloldogyne and their host races on the basis 
of their reaction on the six differential host test plants 
vlz.« tomato (Rutgers), pepper (California wonder), Tobacco 
(NC - 95) , cotton (Deltsplne - 16) , Watermelon (Charleston 
Gray), and peanut (Florrunner). They observed that pea-
nut and watermelon plants were not attacked by M. Incog-
nita and M. hapla populations respectively while cotton was 
non-host for M. hapla, M. arenarla and M. javanlca. Exis-
tence of 4 races of M. Incognita, 2 of M. arenarla and one 
each of M. javanlca and M. hapla was revealed by analysis 
of data. They reported that race - 1 of M. Incognita was 
not pathogenic on tobacco, peanut and cotton, race - 2 
failed to develop on cotton and peanut while races - 3 
and 4 were non - pathogenic to tobacco and peanut and 
only peanut respectively. Elssa (1982) reported predomi-
nance of the occurrence of race - 2 of H. Incognita In the 
kingdom of Saudi Arabia. 
Raja and Gill (1982) studied five populations of H. 
Incognita collected from Delhi, Jabalpur, Kanpur, Kanyangulxim 
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and Udalpiir. They found these populations Identical to 
race 1 and race - 2. Routary and Das (1982) studied 11 
populations of M. incognita collected from Bhubaneswar and 
Cuttack and identified them to belong to race 1 and race 2 » 
They observed race > 1 infection on Base 11 a alba, Cucurbita 
pepo and Momordica charantia plants collected from students 
plot^ college of Agriculture, Bhubaneswar, Unit VIII Bhuba-
neswar and Haripur, Cuttack respectively. Meloidogyne 
incognita race - 2 was found attacking Solanum melongena 
Vigna radiata, Lycopersicon esculentum, Musa paradisiaca, 
Abelmoschus esculentus, Vigna sinensis, Cucuais sativus 
and Luffa acutangula plants that were collected from students 
plot of college of Agriculture, Bhxibaneswar, Birobati; Cut-
tack; Birobati, Cuttack, Orissa University of Agriculture 
and Technology (O.A.u.T.) Orchard, Bhubaneswar, Research 
plot (Entomology), Unit IV Bhxibaneswar, student's plot of 
college of Agriculture Bhubaneswar and Balipatna, Bhubanes-
war respectively. Krishneqppa and Setty (1983) studied 127 
populations collected from different regions of Orissa and 
Karnataka. They reported that 86 (67.7 %) belonged to 
race - 2 and only 10 (7.9 %) to race - 3. They further 
noted that all 33 populations from Northern, North-»£astern 
and Eastern coastal zones were con|>rised of race - 1. Out 
of 10 populations from the deep southern zone, 9 belonged 
to race - 1 and only 1 to race - 3. Amongs the 84 popula-
tions from Karnataka zone, 44 (52.4 %) belonged to race -1 
34 (36.9 %) to race - 2 and 9 (10.7 %) to race - 3. Race-1 
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was found to occur in all the zones, race - 2 was confined 
to Karnataka while race - 3 was present In Karnataka and 
deep Southern zone. 
Birchfield and Brlster (1962) reported that different 
races may exist In renlform nematode populations. Zucker-
raann et, al» (1971) suggested existence of physiological 
variations on the basis of host preferences. Oasgupta 
and Seshadrl (1971) collected 10 populations of R. renl-
foirmls attacking different crops viz. gr^evlne« citrus, 
castor# castor, coffee, pineapple, cotton, cotton, grapevine 
and grape vine In Andhra Pradesh, Maharashtra, Haryana, 
Delhi, Mysore, Mysore, Tamil Nadu, Tamil Nadu, Tamil Nadu, 
and Andhra Pradesh respectively. They reported that out of 
10 populations, 9 successfully reproduced on cowpea, castor 
and cotton. They designated this population as race -'A* 
and the 10th population from Andhra Pradesh, which reproo 
duced only on cowpea but not on caster and cotton was deslg^ 
nated as race - B. It Indicated that at least two races of 
R. reniformis occur in India. 
P athogenicity; 
Pathogenicity tests are iiqportant to determine thres-
hold level of a pathogen which has significant bearing on 
the disease development. Pathogenicity of a niimber of 
Species of plant parasitic nematodes on leguminous plants 
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has been tested and established by a nuiaber of workers 
from time to time. 
Srlvastava et al, (1974) studied the effect of dlffe-
rent Inoculum levels of M. javanica on chickpea plants. 
There was increase in the reduction of length and weight 
of ifehoot with the increase in initial inoculvun level. The 
maximum reduction was observed at an inoculum level of 1000 
larvae per plant. Singh ^ J^» (1977) reported that with 
the increase in the inoculum level of M. incognita there was 
a corresponding decrease in the chlorophyll content of leaf> 
nitrogen content of shoot, protein content of grain and the 
number of root nodules« both in the Rhizobium phasedi ino-
culated and uninoculated plants. The maximum number of 
galls/plant was observed at inoculum level of 1000 larvae/pot. 
Townshend and potter (1978) studied the yield losses of Medi-
cago sativa and Trifolium pratense caused by M. hapla. They 
found that at higher inoculum levels (4000 and 24000 nematodes/ 
Kg soil) the seedling establishment of M. sativa was 80 and 
50 % as compared to control. Nath et al. (1979) reported 
that increase in inoculum level resulted in proportional 
decrease of plant growth, flowering, fruiting and nodulat-
ion in chick'^pea. The inoculum level consisting of 100 
larvae/500 g soil was found as the damaging threshold -
Srivastava et al. (1979) observed reduction in the growth 
of soybean plant and pod formation with the increase in the 
inoculum level of M. javanica. Inoculum level of 100 larvae/ 
kg soil significantly reduced plant growth and pod formation. 
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Hovrevex^  the onunbex o£ aodoles per plant was reduced even 
at lowest (10 larvae/kg) inoculum level. Gupta (1979) ob-
served that Cowpea C.V. HFC 42.1 Inoculated with 1000 or 
10000 larvae of M. javaniCc^/500 g of soil showed a signifi-
cant reduction in height and fresh shoot and root weight • 
Raut (1980) found that highest inoculum level (1000 nematode/ 
500 g 8o±y of M. incognita caused significant reduction in 
length and fresh weight of shoot and root of phaseolus mungo 
var PlMS-1. However« the number of nodules/plant was signi-
ficantly reduced at all inoculum levels. Raut and Sethi 
(1980) observed a progressive decrease in the growth of 
soybean plants as the inoculum level of M. incognita incre-
ased. The inoculum level of 1000 larvae per kg soil was 
considered as damaging threshold at which significant re-
duction in top growth, root length and nodulation was ob-
served. Sharma (1981) studied the effect of variable inocu-
l\un levels of M. Javanica (10» 100/1000 and 10,000 larvae/ 
plant) on the growth of phaseolus vulgaris. He observed 
that higher inoculvun levels (i.e. 1000 and 10,000 larvae/ 
plant) caused significant reduction. DhruJ and Vaishnav 
(1981) observed that higher inoculum level (1000 larvae/ 
Kg soil) of M. arenaria caused significant reduction in 
plant growth except root weight in ground'Haut variety GAUP-10. 
Sharma and Rodriguez (1982) reported that when the seedlings 
of Soybeafll (Glycine max) were Inoculated with 2,4,8,16,32 
or 64 M. J avanica larvae/g soil, there was a highly signi-
ficant negative correlation between size of initial inoculum 
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level and plant height and fxesh weight after 35 days of 
Inoculation. After 45 days* reduction in gxcULn yield was 
43.5, 52.1, 82.4, and 98.0 % respectively with the first 
four inoculiuB levels. There was a significant linear cor-
relation between first four inocula and final population, 
but with^ 16 larvae final populations were zero. Dhangar 
and Gupta (1983) found that an initial inoculum of 1000 M. 
javanica larvae/plant in smaller pots (15 cm) after 2 
months of inoculation, and 1000 and 10000 larvae/plant in 
large pots (25 cm) after 5 months of inoculation were patho-
genic to Cioer arietinum in all three types of soil (Sandy, 
Loany Sand and Sandy loam). Rhizobiura treated seeds showed 
better growth characters than untreated seeds. Hani and 
Sethi (1984) studied the pathogenicity of M. incognita on 
chickpea cultivar Pusa 20 using five inoculum levels (.5, 
1.0, 2.0, 4.0 and 8.0 larvae/g of soi]^. They reported pro-
gressive decrease in plant growth with the increasing inocu-
lum level. Inoculum of 2 larvae per gr^m of soil was found 
to be the damaging threshold and rhizobial nodulation was 
adversely affected by all inoculxun levels. Grewal et al. 
(1984) r^orted that groundnut plants inoculated with M. 
arenaria larvae showed a general reduction in plant growth as 
compared to uninoculated control, particularly at highest 
inoculum density (10000larvae/plant). Thakar et al. (1986) 
found that maximum reduction in shoot length of Lathyrus 
sativtts was catised at an inocultam level of 10000 larvae of 
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M. incognita per plant. Significant reduction in shoot and 
root weights occurred at both 1000 & 10000 levels. There was 
significant difference in xoot-lcnot indices in all treatments 
as conpared to control. Ahmad and Husain (1988) observed 
that an increase in the inoculum level of M. Javanica led 
to a corresponding decrease in the growth parameters of 
Cicer arietinum as conqpared to uninoculated plants. Signi-
ficant reduction in qualitative characters were observed 
when plants %fere inoculated with 1000 Juveniles of M. Java — 
nica» The maximum reduction in all grovrth parameters was 
noticed at the highest level of nematode density (10000 
Juveniles/pot). 
Villanvena and Castillo (1976) reported that when 
cowpea seedlings were inoculated with 1000« 2500« 5000, 
7500 and 10000 R. reniformis, there were no significant 
reduction^ in shoot weights. However, root-weights were 
significantly reduced by 45.6, 58.1 and 54.4 % at the 
three highest inoculum levels and the yields of dry seeds 
were reduced by 47.8 and 60.9 % at the two highest inocu-
lum levels. The rate of nematode multiplication was grea-
test at the inoculxim level of 2500 nematodes but least at 
the two highest inoculum levels. Panda and Seshadri (1979) 
tested different inocultim levels of R. reniformis (10,100, 
1000, and 10,000 Kg soil) to find out pathogenic level of 
nematodes against cowpea, mnngbean, and urid. They obser-
ved that an inoculum level of 1000 adversely affected aJ.1 
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the growth characters both in mangbean and urid. Signifi-
cant reduction in plant h(felght as well as shoot and root 
weight occurred when an initial inoculum of 1000 or nore 
R. reniformis/500 g soil was used^ Rotylenchulus renifor-
mis showed a raaximura reproduction potential at an initial 
inocultuB of 100/pot (Gupta and Yadav, 1979) • 4liq>ta and 
Yadav (1980) found that R. reniformis (1000 larvae or more/ 
pot) caused significant reduction in height and fresh shoot 
and root iireights of Vigna unguiculata. The bacterial nodu-
lation on roots was, however, unaffected. They further 
reported that with the increase in inoculiun level of R. 
reniformis there was corresponding decrease in plant height# 
fresh shoot and root weihgt and nuiaber of nodules/plant of 
Vigna radiata Pl, 470-16. Reproduction was maximum when 
the initial inoculum consisted of 100 specimens. Thakar 
and Yadav (1985) observed that damaging levels of R. reni-
formis for susceptible and resistant varieties of pigeon pea 
were 1000 and 10000 larvae/700 g soil respectively. 
Hishra and Gaur (1981) fouzva that Vi^ incognita caiised 
significant reduction in shoot length at 10,000 larvae and 
in fresh weight at 100 larvae/^lant. Rotylenchtilus reni-
formis did not cause any significant reduction in shoot 
length but the fresh shoot lieight at 100 level was signi-
ficantly reduced. The root length was reduced against an 
increase in fresh root weight due to galling with M. incog-
nita, while R. reniformis did not seem to affect root length 
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or weight significantly. Khan (1986) reported that when 
cowpea seedlings were inoculated with different inoculiua 
levels (10#100#1000 and 10,000 neraatodes/plant) of R. reni-
forais and M. incognita, lo%iest inoculum level of both nema-
tode spp. caused no significant plant gcowth reduction but 
with the increasing inoculum there was increase in plant 
growth reduction irrespective of the nematode species. 
Similarly, the rate of multiplication of each nematode 
species decre§sed with the increase in the initial inocu-
lum level. 
Nematode-Nematode Interaction: 
In the soil around plant roots atleast two or more 
species of plant parasitic nematodes are always present. 
Their co-inhabitation provides apportunitles for a variety 
of nematode<-nematode interactions. There is little infor-
mation about nematode ^ nematode interactions in cosqpaxison 
to nematode-fungal interactions. These interactions may 
either involve different species of the same genus or dif-
ferent genera of nematodes. 
1) Interspecific Interactions; 
Minz and Strich - Harari (1958) were the first to 
report interspecific interaction. They found an inter — 
specific d<MBinance of one species of Meloidogyne over the 
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othex. Ch^nan (1966) reported that 90 and 57 % females 
of M« Incognita matured at moderate and relatively low tem-
peratures respectively in case of combined inoculations of 
tomato with M. incognita and M. hapla. Ferris et §1,. (1967) 
that " 
reported/t>ratylenchus penetrans (Cobb, 1917) Filipjev and 
Schuurmans Stekhoven, 1941 tended to reduce the popvilation 
of p. alleni Ferris, 1961 on soybean when present together. 
Kinolch and Allen (1972) reported predominance of M. java-
nica over M. hapla when present together. They reported 
that with the increase in inoculum of the two species 
there was increase in predominance of JtU^ javanica. Jatala 
and Jensen (1976) studied the interaction between indivi-
duals of the same species. They observed self interaction 
in M. hapla on sugarbeet where double inoculation caused 
greater root galling in coioparison to single inoculation, 
although in both cases the inoculum was the sane. In case 
of doxible inoculation of H. schachtii (Schmidt, 1871) cyst 
population was greatly increased. They further, reported 
the 
that after double inoculation^lants died more quickly than 
after single inoculation of the same total nunlMr of either 
nematode species. 
2) intergeneric Interactions; 
In the intergeneric nematode interactions two or 
more species of different nematode genera (Ecto, endo and/ 
or seroi^endoparasitic types) may be involved. 
21 
i) Interactions iavolving two or wore 
ectoparasltlc nematods species: 
Bird and Jenkins (1964) found that there was an incre-
ase in the population of Heaicycliophora simills Thorne, 
1955 when cranberry roots %rere concomitantly inoculated 
with Heaicycliophor a simills and Macroposthonia xenoplax 
Raskl, 1952. Johnson (1969, 1970) reported results of inter-
action of Criconemoides ornatus, Tylenchochynchus martini 
and Belonolaimus longicaudatus on six varieties of Bermuda 
grass, population of B. longicandatus was least affected 
but there was reduction in the final populations of all 
three species. Prasad & Rao (1977) reported that inter-
action of yylenchorhynchus claytoni Steiner« 1937 and Hell-
cotylenchus crenatus Das, 1960 on rice resulted in a signi-
ficant poptilation decrease (59.1 %) of H. crenatus indicat-
ing that this nematode could not effectively caoqpete with 
T. claytoni. Balakhina (1979) noted that Aphelenchoides 
saprophilus acted as dominant species on wheat when Aphe-
lenchus avenae was also present. Upadhyay and Swarup 
(1981) noticed that the multiplication of Tylenchorhynchus 
vulgaris was suppressed by Merlinius brevidens when siiml-
taneously inoculated on wheat. 
ii) Interactions involving Ecto and 
Migratory Endoparasitic nematodes; 
Chapman (1959) investigated the individual and combined 
effect of pratylenchus penetrans and Tylenchorhynchus martini 
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on red clover and alfalfa. Tylenchorhynctws martini had 
no marked effect ,on either plant species singly, pratylen-
chus penetrans alone caused almost the same damage as was 
caused by both of them together. Johnson and Nusbaum (1968) 
reported that on some corn varieties the population of pra-
tylenchus geae was more in coinbination with Trichodorus chris 
tiei than when present alone. Toberjimnaz (1973) studied the 
combined effect of Pratylenchns minyus aher and Allen, 1953 
Tylenchorhynchus dubius (Buetschli, 1877) Pilipjev, 1933 
and Hacroposthonia curvata Raskin 1952, on Diemthus caryop-
hyllus and D. alpinus. He reported that in both the plants 
the population of P. minyus was reduced in the presence of 
T. dubius. Braun et al. (1975) studied association of Para-
tylenchus neoacnblycephalus and Criconemoides xenoplax on My-
robalaro. They reported that high inoculxim of either nematode 
species stq}pressed the multiplication of the other. These two 
pathogens caused darkening of roots and reduction in feeder 
roots which lead to water logging. Acosta and Ayala (1976) in-
vestigated the effects of Pratylenchus coffeae and Scutellonema 
bradys on Dioscorea rotundata and reported that these two patho-
gens caused 53% suppression of top growth. Reproduction of S. 
bradys was greatly inhibited when both nematode species were 
simultaneously present on the same plant but S. bradys appa-
rently did not affect the reproduction of P. coffeae. Miller 
and Mclntyre (1975) and Mc-Intyre and Miller (1976) found 
that in tobacco roots the entry of pratylenchus penetrans 
was prevented by simultaneous or prior inoculations 
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of pratylenchtts penetrans and Tylenchorhyhchas claytoni. 
Pinochet et^  al, (1976) observed that concomitant inoculat-
ions of P. vtiljoas Allen and Jensen^ 1951 and Xiphipema index 
Thorne and Allen, 1950 caused greater growth reduction of 
grapevine (vitis vinifera) than catjsed by any one of them 
singly*Cuarezma - Teran and Trevathan (1985) reported that 
greatest suppression of plant growth was caused by concomi-
tant inoculation of Quinisulcius acatus (Allen, 1955) Sid-
digi, 1971 and p. zeae than caused by either of them alone, 
iii) Interactions involving Ecto and 
Sedentary Endoparasitic nematodes; 
CcMBbined inoculation of M. hapla, Criconemoides cur-
vatum and Trichodorus christiei resulted in the population 
decrease of nematodes (Haie^ ^ and Jenkins^ 1964) • Norton 
(1969) r^orted that in the absence of M. hapla there was 
2-fold increase in the population of Xiphinema americanum 
Cobb, 1913 than in its presence in alfalfa field. Bird 
et al(1974) studied the field population of Hoplolaimus 
colxambus and M. incognita on cotton and observed an antago-
nistic relationship between them because populations of 
both the species %fere adversely affected. Hasan and Alam 
(1975) found reduction in the population build up of 
Hoplolaimos indicus Sher, 1963 in the presence of M. incog-
nita on tomato roots. Alam et jd.. (1975) reported that 
combined inoculation of M. incognita and Tylenchorhynchus 
brassicae S^ iddiqi, 1961 caused significant reduction in 
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the growth of tomato plants than caused by the single ino-
eolation. Yang et al. (1976) studied the interaction bet-
ween M« incognita. Belong^aiawis longicaadatus and Hoplolai-
mus galeaitus (Cobb. 1913) Thorne« 1935 and found reduction 
in populations of N. incognita and H« galeatus in the ccxa-
bined infection. Hishra and Das (1977) reported greatest 
reduction in root-knot development in brinjal when three 
ectoparasitic nematodes namely Criconemoides ornatus, 
Hoplolaimus indicus and Tylenchorhynchus nudus were present 
in association with M. incognita. Santo and Bolander (1977) 
observed an increase in the population of Macroposthonia 
xenoplax in the presence of M. hapla on grapes. Khan et al 
(1978) noticed that rates of multiplication of M. incognita 
and yvlenchorhvnchus brassicae were adversely affected in 
mixed populations on tomato. Vaishoaft and Sethi (1978) 
reported iiqprovement in the growth of bajra plants after 
combined inoculation of M. incognita and Tylenchorhynchus 
ihilQaris. The latter nematode species exhibited antagonistic 
relationship towards H. incognita, while in the presence of 
M. incognita, T. vulgaris reproduced better. Schmidt and 
Lewis (1981) reported that in the presence of Hoplolaimus 
goliunbus populations of Scutellonema brachyurtis (steiner, 
1938) Andrassy 1958 increased but suppressed by H. incognita 
on cotton seedlings. Kaul and Sethi (1982) studied the in-
teraction between Heterodera geae, M. incognita and Tylen-
chorhynchus Vulgaris en mai^e. Gall formation by M. incog-
nita was adversely affected by the presence of one or both 
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of the other nematode species, population of T. vulgaris 
was reduced by H. zeae and M. incognita, final population 
of M. incognita was adversely affected by H. zeae but not 
by T. vulgaris. Lower levels of T. vulgaris at 500 larvae 
of H. zeae and lower levels of M. incognita at 1000 larvae 
had synergistic effect on cyst production. 
iv) Interactions involving semi endo and 
migratory endoparasititf^  nematodes; 
Kaqplan & Tiomer (1982) studied the effect of inter-
action of Pratylenchus coffeae suod Tylenchulus semipenetrans 
en cy;rus and noted that the indigenous populations of either 
species did not preclude infection by the other species^Ino-
culation with either of the nematode species reduced the 
pqpulation of the other. Host response to parasitism of 
combined infection was not different fzom the response to 
single infection by either species 
v) Interactions involving migratory Bndo 
and Sedentary endoparasitJxf nematodes; 
Johnson and Kusbaum (1972) reported significant incre-
ase in pratylenchus brachyurus population on resistant tob-
acco when inoculated with M. incognita and_p« brachytirus « 
Estores and Chen (1972) reported that interaction of M. incog-
nita and p. penetrans resulted in the suppression of populat-
ion densities of both the nematodes when they co-inhabited 
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tomato roots. Miller (1970) reported that Heterodera taba-
cuB> and p, penetrans were rautually antagonistic towards each 
other. In the tobacco fields heavily Infested with H. taba-
CMOkt P. penetrans was usually absent. Turner & Chapman (1972) 
found alfalfa and red clover seedlings concomitantly infect-
ed with M. incognita and p. penetrans and noted that both 
nematode species inhibited root elongation of alfalfa more 
than that of red clover. They noted that effect of Joint 
invasion of these two nematode species was almost the same 
as that caused by any one of them singly, pratylenchus 
penetrans invaded alfalfa more readily than red clover but 
M. incognita invaded red clover more readily than alfalfa 
when 50 larvae of M. incognita and 200 larvae of p. pene-
trans were inoculated simultaneously, penetration of M. 
incognita into alfalfa but not on red clover was signifi-
cantly reduced. Sikora et. ai. (1972) observed an Increase 
in the p • penetrans population on bent grass in the presence 
of M. naasi. Gay and Bird (1973) found that on cotton plants 
in the presence of either M. incognita er M. arenaria the 
populations of P. brachyurus was significantly increased. 
Araosu and Taylor (1974) reported that on red clover the 
population of P. pecyetrans was reduced at moderate ino-
culum levels of P. penetrans and M. Incognita, whereas 
gall formation was reduced at higher inoculum level of p. 
penetrans. Oiapman and Turner (1975) found that egg lay-
ing by p. penetrant decreased as the number of nematodes 
and priority of invasion by M. incognita increased. 
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Griffin (1980) studied interrelationship of M. hapla and 
Ditylenchtts dipsaci on resistant and susceptible cultivars 
of alfalfa. He reported that resistant Var. Nevada (Resis-
tant to M. J^SPX^ and D . dipsaci) lost its resistance when 
inoculated sianiltaneously with these two pathogens. The 
same author later (1983) reported reduction in root growth 
of sugarbeet as a resxilt of co-inhabitation of Heterodera 
schachtii and D. dipsaci below that of single inoculation 
of H. schachtii at all tenderatures and D. dipsaci at 20, 
24 and 28 C. Similarly top growth was also reduced. 
vi) Interactions involving Semi-endo and 
Sedentary endoparasitic neroatotJes; 
Rao and Prasad (1971) found that Rotylenchulus reni-
forads caused greater damage individually than H. javanica 
or when both the species were present together in equal den-
sities. Singh (1976) reported that more damage was caused 
in soybean plants when they were concomitantly inoculated 
with R. reniformis and M. incognita than caused by any 
one of them separately. iCheir and Osman (1977) found 
that the presence of R. reniformis adversely affected the 
pei^ration of M. Incognita larvae and also« affected the 
multiplication and development of H. incognita. Khan et 
al, (1979), on the other hand, reported that the populations 
of both H. incognita and R. reniformis were reduced in mixed 
infections on tomato. Taha and Kassab (1980) studied inter-
action of M. javanica and R. reniformis on cowpea and reported 
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reduced multiplication of M. javanica in the presence of R. 
reniformis as ccnqpared to a situation where M. javanica was 
present alone. Siniultaneous inoculation of these two nema-
todes resulted in the prior invasion of root«>knot nematodes. 
Hishra and Gaur (1981) reported that reduction in black gram 
growth was relatively less when concomitantly inoculated 
with M. incognita and R. reniformis than inoculated with 
either of these pathogens separately, Thomas and Clark 
(1980) reported that M. incognita reproduced equally well 
in combination with R. reniformis as it did when present 
alone but R. reniformis population was significantly reduced 
in the presence of M. incognita in a green house test using 
"Centennial" sweet potato cuttings. Rao and Seshadri (1981) 
studied the interaction of M. incognita and R. reniformis on 
gr^evine. They found that M* incognita caused greater reduc-
tion in root length (57 %) than caused by JR. reniformis (34 %) , 
The shoot weight and the root length reduction at 200 larval 
level by M. incognita alone was more than either by R. reni-
formis alone or the combination of both the nematodes, in 
general, when both the nematodes were inoculated, the inter-
action effect was suppressive being additive in respect of 
nematode population. Both were antagonistic to each other 
in combined inoculations, suppressing the population of the 
other, with increasing levels of their respective inoculxim. 
The suppression effect by M. incognita was more on R, reni-
forrois. ... ~ 
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Khan et jJL (1984) found significant redaction in 
growth of tcnaato var. Hargloh* by higher inoculum levels of 
both M. incognita and R. reniformis, either present singly 
or together. 
vii) Interactions involving two or more 
migratory endoparasitic nematodes; 
Weischer (1974) studied interaction between Aphelen-
choides ritzemabosi and Ditylenchus dipsaci on tobacco leaves 
and reported that A. ritzemabosi caused reduction in the popu-
lation of D. dipsaci^, On stem and petiole the population of 
A. ritzemabosi was enhanced where it does not develop normally, 
0* Bannon jgt ^ . (1976) found that on citrus concomitant Ino-
culation with Radopholus. siati4^^^°^^»^^"'-^^ Thorne,1949 and 
Pratylenchus coffeae (Zimmerman, 1898) Filipjev & Schuurmans 
Stelchoven, 1941 resulted in the lower population of each 
species than in separate inoculation. 
viii) Interactions involving two or more 
Species of sed»ntary endoparasitic 
nematodes; 
Ross (1964) studied interaction between M. incognita 
and Heterodera glycines on soybeans. When both nematode 
species infected the plants, the degree of inhibition of M. 
incognita population varied indirectly with the initial 
population level of root-knot nematodes. High initial 
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root-knot nematode population coxtailed cyst nematode re-
production, Jatala and Jensen (1972^ 1976) reported that 
when Inoculation of Heterodera schachtll/ preceded M. hapla 
on Beta vulgaris a marked reduction In galling occurred but 
when the latter preceded the former a five fold Increase In 
cyst formation was noticed. Sharma and Sethi (1975) repor-
ted suppression In population build up of H. cajanl and H. 
Incognita when they were concomitantly Inoculated to cow-
pea. Sharma and Sethi (1976) found that total multiplicat-
ion of M. Incognita and H. cajanl were mutually Inhibited 
by each other. Griffin and walte (1982) observed a synergis-
tic relationship between M. hapla and H. schachtli. A com-
bination of H. schachtli (UTIC) and M. hapla significantly 
reduced tomato root weights by 65, 64 and 61% below root 
weights of untreated controls, and single Inoculations of 
M. heg>la and H. schachtli respectively. This corresponded 
to root reductions of 42,44 and 46 % from a combination of 
H. schachtli (UTIB) and H^ hapla. Antagonism existed bet-
ween H. schachtli auid M. hapla with regard to Infection 
courts and feeding sites. The root-knot galling Index 
dropped from 6.0 with a single Inoculation of H. hapla 
to 4.3 and 3.3 with combined Inoculations of M. hapla 
plus UTIB and M. hapla plus UTIC cyst nematode popxilatlons r 
Jatala and Jensen (1983) reported that when majority of M. 
hapla were In second, third or fourth larval stages In the 
plants prior to H. schachtli Inoculation, growth and deve-
lopment of the latter were retarded. Inserra et. §1, (1984) 
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reported that the adverse effect of Nacobbus aberrans 
(Tbornejl935) Thorne and Alle% 1944 on the multiplication 
of either H. hapla or H« schachtii was dependent on tlrae 
and was more accentuated on that of M. hapla than on that 
of H. schachtii. Griffin (1985) reported that the female 
development and multiplication of H. hapla vereadversely 
affected by H. schachtii In combined Inoculations of the 
two nematode species and this effect was more pronounced 
with prior Inoculation of tcwaato with H. schachtll» 
Ix) Interactions Involving seral-endo-
parasltlc nematodes; 
Taha and Sultan (1977) found that the populations of 
Tylenchuius semlpenetrans and R, renlformis were Inhibited 
In mixed Infestations of grapevine. 
x) Interactions involving Ecto*Mlqratory 
endo and Sedentary Endoparasltjc nematodes; 
Miller and Wlrhelm (1968) reported that when tobacco 
was Inoculated with three nematode species namely Globodera 
tabacum (faownsbery and Lownsbery^ 1954A Behrens> 1975^ P. pene-
trans and Tylenchorhynchus clayton! there was reduction In 
Infection and survival of all three nematode species. 
Slkora et al,(1972) studied the effect of nematode > nematode 
Interaction on growth of bent grass. They reported that 
collective effect of Tylenchorhynchus aqrl« Pratylenchus 
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penetrans, and H. naasi on bent grass top growth was only 
additive and not synerglstlcj»resence of T. agrl Inhibited 
the multiplication o£ H. nagfSl whereas that of T. agrl and 
P. penetrans remained unaffected In all condltlocts. Amosu 
and Taylor (1974) studied an Interaction between M. hapla, 
P. penetrans and T. agrl on red clover. The populations 
of p. penetrans and T. agrl were significantly reduced on 
combined inoculations. Similarly, Vtui Gundy and Klrkpat-
rick (1975) observed the suppression of M.incognita by 
Pratylenchus scribnerl steiner in Sherbakoff and Stanley, 
1943, Trichodorus christiei and Hemicycllophora spp. 
"Nematode-root nodule Bacterium 
Associations'*; 
Plant parasitlp nematodes have been found to suppress 
nodulation (Romanlko, 1958; £pps and Chambers, 1962; Malek 
and Jenkins 1964; Husaini and Seshadri, 1975; Taha and 
Kassab, 1980)• The Influence of nematodes on the N2 fixing 
potential is not always adverse, but in s^ne cases nematode 
infestation has even been reported to stlERilate nodulation 
and 1^2 fixation. (Baldwin et al., 1975; Hussey and Barker, 
1976; Baldwin et al., 1979). On the other hand, Hussey and 
Barker (1976) reported that nematodes have no remarkable 
effect on nodulation. 
3d 
i) Effect of Sedentary endoparasltic 
nematodes; 
Inhibition of root nodalation of peanut plants due 
to the presence of root-knot nematode infection was for 
the first time observed by Miller (1951) . Masefield (1958) 
suggested that nematode galls on the root may affect nodu-
1ation by causing deficiency of nutrients in the host root 
which are needed by the rhizobia or by occtq>ying the major 
portion of root surface. Robinson (1961) reported that 
root nodules on Vigna uhguiculata and Stizlobium spp,, at 
their different stages of nodular development were attacked 
by larvae of M. Javanica. Giant cells were formed by the 
nematode inside the nodule suid there was secondary invasion 
by later generations of the nematode. Nigh (1966) found 
that Rhizobixim nodulation on alfalfa was suppressed by M. 
Javanica*, Balastibramanian (1971) reported that in the pre-
sence of M. javanica» M. hapla and M. incognita bacterial 
nodulation of soybean roots produced by Rhizobium japonium 
was less. The reduction of nodulation was due to inter-
ference of root-knot larvae with the establishment of 
Rhizobium. Baldwin et ^ . , (1975) found that M. incognita 
reduced nodulation on soybean plants. Hussey and Barker 
(1974) found that M. incognita and M. hapla stimulated nodule 
formation and growth of soybean and cowpea but had adverse 
effect on nitrogen fixation. In these crops nodules were 
smaller and less efficient for nitrogen, fixing. Husaini 
and Seshadri (1975) found that M. incognita was pathogenic 
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to mang bean and hanpered nitrogen fixation. Reduction in 
nodulation, altered host physiology and anatomical changes 
in nodules reduced the nitrogen content. Bopeilah et al. 
(1976) studied nitrogen fixation in nung bean plants. They 
found that nematode inoculation prior to rhizobia resulted 
in maxiraum reduction of nodules. Singh (1977) found that 
with the increase in inoculxim level of M. incognita there 
was a corresponding decrease in nodulation. Ogbuji (1977) 
found that individual inoculation of either root-knot nema-
tode or Rhizobiura on cowpea plants gave high contents of 
galls and nodules respectively.v^hile few or no galls and 
nodxU.es were produced by simultaneous inoculation of both 
the pathogens. Srivastava et al. (1979) found that when 
soybean (Glycine max) plants were inoculated with differ-
ent inoculxim levels of M. j avanica the growth of plants was 
affected. Ntunber of nodules/plant was reduced significan-
tly even ftt the lowest inoculum level. Similarly^ Raut and 
Sethi (1980) found that with the increase in inoculum level 
of M. incognita there was corresponding decrease in the 
growth of soybean plant and rooi nodulation*Ali et al, (1981) 
found severe nitrogen deficiency and retarded cowpea growth 
of H. incognita and Rhizobium leguminoseartim inoculated 
plants than in the absence of nematodes. Dhangar and 
Gxipta (1983) observed better ;growth characters in Rhizo-
bi\im treated seeds of chiclqpea plants in coE^arison to un-
treated ones but there was no difference in pathogenic 
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level in both treatments when Infected with H. javanJLca , 
Sharma (1984) reported greater reduction In the nunber of 
nodules when M, Incognita and Rhizobluro were concomitantly 
inoeulated or when the nematodes had already established 
before the inoculation of RhizobiT:^ as compared when ^ Ul^fi^ 
bitam had established before the Ititzoduction of nematodes. 
Oostenbrink (1955) observed poor growth of pea plants 
and few nodules on the roots infected with Heterodera goe-
ttingiana> However, application of nitrogen fertilizers 
compensated for the reduced nodulation in nematode infected 
plants. Ross (1959) observed that sparse nodulation on non-
fertilized soybean was probably due to the cyst nematode 
activity, Wardojo &t^ al. (1963) found that Heterodera tri-
folii plays a competitive role in reducing the number of 
nodules on white clover roots. Ross (1969) found that at 
different nitrogen levels H. glycines affected the yield of 
non-nodulating soybean. Barker and Hui Singh (1970) found 
that the simoltaneous inocvilation of H. glycines and Rhizo-
bium j aponicum caused 93-100 % inhibition of nodule develop-
raent. Barker et al. (1971) reported that in the presence of 
Rhizobiua i aponicum the development of H. glycines on nodu-
lating and non nodulating lines of soybean was reduced, 
especially on the former line, where nitro^ yen was not 
supplied to the plants. Lehman et eil. (1970) studied in-
fluence of races of H. glycines on nodulation and nitrogen 
fixation of soybean. Race-1 of H. glycines in combination 
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with Rhlzobiijjn catised significant decrease in nodules 
and nitrogen fixing capacity. The same inoculvun densities 
of races-2 and 4 did not cause such reduction. With incre-
asing densities of race-1, nodule number and nodule's weight 
were inversely correlated. Barker et al. (1972) observed 
greater inhibition of nodule developnent by simultaneous 
inoculation of Rhizobium and H. glycines while 14 days 
delay in inoculation of nematode resulted in only slight 
to moderate inhibition. Race-1 of H. glycines which inhi-
bited nodulation pei^trated nodular tissue at a much faster 
rate than race-4 which had little effect. Ko et ^1. (1984) 
applied split root technique on soybean cv. Lee 68 to 
characterize the nature of nodulation suppression by race-1 
of the soybean cyst nematode* Heterodera glycines. Root 
halves of each split root plant were inoculated with Rhizo-
bium japonicum and the other root halves were inoculated 
with different number of soybean cyst nematode eggs only. 
They suggested that nodulation and nitrogen fixing capacity 
were systemically and variously suppressed on both root 
halves of the split root plants 5 weeks after half root 
inoculation with 12,500 nematode eggs. On the otherhand 
the inoculation with 500 eggs caused this suppression only 
on nematode infected root-half but nodulation on the conqp-
anion uninfected root-half was stimulated slightly. The 
nematode infected root half inoculated with 5000 eggs were 
excised at two weeks intervals, nodulation on remaining 
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uninfected root halves was not different from that o^ the 
non-inoculated control when measured 6 weeks after the ne-
matode inoculation. So,systemic suppression of nodulation 
was reversible upon the removal of nematodes. 
Taha and Raski (1969) reported that inoculation of M. 
j avanica and H. trifolii one week before« simultaneous or 
one week following inoculation of Rhizobium on white clover 
did not hinder nodule formation, in the nematode infected 
and nematode free plants the size of nodule did not differ. 
Nodule structure was not disturbed by nematode infection 
while nitrogen fixation efficiency of nematode infected 
nodules was not impaired. Sharma and Sethi (1976) showed 
that combined inoculation of M. incognita, Heterodera caj-
ani and Rhizobium on cowpea adversely affected the root 
nodulation and nitrogen content of the plants. Meloido-
gyne incognita reduced nitrogen content to a greater ex-
tent than H. cajani. 
ii) Effect of Semi—endoparasitic nematodes; 
Mature Rotylenchulus reniformis specimens were found 
attached to the bacterial nodules (Ayala^l962). Gupta 
and Yadav (1979) studied the pathogenicity of reniforra 
nematode, Rotylenchulus reniformis on Urad, Vigna mxxxqo, 
and found that there was corresponding decrease in the 
number of nodules/plant with the increase in number of 
reniform nematodes. Taha and Kassab (1980) found that 
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Inoculation of R. renlforads with Rhizoblum did not affect 
nodulatlon on cowpea. Nodule formation was hindered only 
when R* renlforads Infection preceded rhlzoblal Inoculation 
Meredith et al. (1983) studied the parasitism of R. renlfor-
mls on soybean root rhlzoblvim nodules and suggested that R, 
renlformls parasitized the nodular tissues, Rot^lenchwlua 
renlformls Infected root nodules did not differ In size 
and shape from the healthy ones. 
Ill) Effect of Migratory endcyarasltlc 
nematodesl 
Roraanlko (1958) found that nodules of peas# beans, 
Vetch« peavlne, alfalfa and red clover were parasitized 
by pratylenchus penetrans. Hussey and Barker (1974) obser-
ved that P. penetrans had little effect on nodulatlon and 
^2 fixation In soybean, peanut and cowpea. Same authors 
later (1976) reported that P_, penetrans stimulated nodule 
foaation but Inhibited nitrogen fixing Ccqpaclty of soybean. 
Gernanl e^ al^ (1984) reported that Pratylenchus safaensls 
Infection on soybean reduced: nodulatlon and nitrogen con-
-tent. Green (1984) studied that In vitro conditions, 
cyst nematodes Pratylenchxis thorML and Dltylenchus dlpsacl 
Inactivated the nodules so that fully formed nodules lacked 
haemoglobin on pea plants. 
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Iv) Effect of Ectc^arasltlc nematodes: 
Scutellonema ^ avenessl Shez, 1963 significantly affec-
ted growth and nitrogen fixation of infected soybean plants 
as coiopared to uninoculated plants (German! et al,, 1981) . 
v) Effect of Sedentary Endo-parasitic 
and Ectoparasitlc nematodes; 
The establishment of root nodule forming bacteria has 
been found to be interfered t^ M. hapla/ M# javanica, Tri-
chodorus christiei< and Criconemoides curvatum either by 
mechanically destroying the root hairs, the infection site, 
or changing the physiology of roots and thus rendered the 
roots incompatible to rhizobial infection (Malek and Jen-
kins, 1964)^ 
vi) Effect of Sedentary - Endoparasitic , 
Migratory eodoparasitic and Ectopara-
sitlc nematodes; 
Hussey and Barker (1976) studied the influence of M. 
incognita, M. hapla, Pratylenchus penetrans and Belonolai-
mxs longicajOattxs. Meloidogyne Incognita, M. hq?la and p. 
penetrans stimulated nodule formation and growth of soybean* 
Belonolaimus longicatidatus slightly inhibited nodulation, 
whereas plants inoculated with B. longicaujdatus and p. 
penetrans had more nodules than nematode free plants. 
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BICSLOGICAL COHXROL 
Nxuaezous soil fungi that parasitize eggs and jEenales 
of endopazasitic nematodes have been found by several wor-
kers (Korab, 1929; Goffart 1932; Rademacher and Schmidt, 
1933; Rozypal^ 1934; Van der Laan, 1953 and 1956) but their 
role sis potential biocontrol agents has been considered pos-
sible only during the last one decade (Stirling & Mankau^ 
1979; Stirling, 1980; Jatala et al., 1980, 1981; Morgan-
Jones et al; 1981a, b) . 
Kuhn (1877) was the first to observe fungal parasi-
tism of plsuit parasitic nematodes when he found Heterodera 
•^gchachtii females parasitized by Tarichium auxiliare. A 
century later this fungus was redescribed as Catenaria auxi-
laris by Tribe (1977) after it was found to produce posteri-
orly uniflagillate zoospores. In India Sachchidananda and 
Swarup (1966) were the first to isolate some neroatpphagous 
fungi from the soil. These fungi were identified as Pro-
toascus subnliformis, Cystopage lateralis, Cystopage in-
ter calar is. Stylopage jeihypha and Dactylaria psychrophila. 
Kerry and Cruiqp (1977) described Entomophthora like fungus 
which killed females of Heterodera ave»ae and caused a break-
down of cuticle preventing cyst formation. They also obser-
ved Verticillitim cklamydosporium parasitizing eggs in the 
females and cysts on barley roots. Dactylella oviparasltica 
which parasitizes nematode eggs was isolated from the eggs 
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of root-knot nematode by Stirling and Mankau (1978). The 
same authors later (1979) found that the eggs of four nema-
todes, viz. Meloidogyne spp./ Aerobeloides spp., H. schach-
tii and Tylenchulus seroipenetrans were parasitized by Dac-
tylella oviparasitica. Jatala et ^ , (1979) found that on 
potato roots, most of the eggs of Meloidogyne incognita 
acrita were infec±ed with a fungus paecilcwiyces lilacinus 
(Thons) Samson. On inoculation into nematode infected 
potato plants this fungus, in 10 - 12 days, invaded the 
^ eggmasses of Meloidogyne and the <ysts of Globodera pallida. 
It grew rapidly and eventually destroyed the nematode eaibryo. 
The potential of P. lilacinus for the control of M. incognita 
on potatoes was assessed in subsequent field experiments. 
Jatala et al. (1980) observed that plants inoculated with 
P. lilacintas had lower root galling index in con^arison to 
those which received the application of nematicide and 
organic matter. Root galling index of plants grown in plots 
treated with Temik was significantly lower than those grown 
in plots treated with other nematicides (Nemacur, Furadan). 
There were no differences in root galling indices of the 
plants grown in plots treated with Furadan, organic matter 
and those of the control plats. Eighty six per cent of 
egg maa$@, collected from the roots of fungus - treated 
plots were found infected with p. lilacinus, and 54.7 % of 
the eggs within these egg masses were destroyed. An inves-
tigation on the effect of multiple applications of the 
fungus showed that a one time introduction was sufficient 
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for its establishment and to bring about siibstantial nema-
tode control (Jatala, et ^ .« 1981) • Kerry and Cruiqp (1980) 
described a fungus« Nematophthora gynophila which attacked 
the females of cyst nematodes (Heterodera spp.), destroyed 
the body wall and cuticle, eventually converting the body 
contents into a mass of resting spores. Kerry (1980) 
found that Catenaria auxilaris, Mematophthora gynophila 
and a 1agenidiaceous fungus caused break down of nematode 
cuticle and prevented Cyst formation. Nigh et al. (1980) 
found that the females of H. schachtii were invaded by 
Acreraonium strictum and Pusarium oxysporuro through natural 
openings%rCr\uqp and Kerry (1981) observed a decrease in the 
population of H. avenae by the cqpplication of Nematophthor a 
gynophila and verticillium cblaaydosporium. Both these 
fungi sporulated profusely when H. avenae failed to multi-
ply on a susceptible host but little sporulation occurred 
when the nematodes multiplied significantly and caused 
plant damage. Franco et al. (1981) studied the effect of 
P. lilacinus on the multiplication rate of Globodera pallida 
under laboratory conditions and concluded that the percen-
tage of infected eggs increased with the increase in time 
of exposure to fungus. Morgan^ones jet al. (198l|iA repor-
ted Verticillitim g'hlamydosporium as a parasite of females 
and eggs of Meloidogyne arenaria in an Alabama peanut 
field soil. MO*g«» • Jones ft al (198lWfound the 
association of Fusarium spp., Gliocladivim, Neocosmospora, 
Phoma and Stagonospora with the cysts of H. glycines in a 
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nunaber of soybean fields of Arkansas^ Florida^ Mississippi 
aad Missouzl, U.S.A. Stagonospota heteroderae parasitized 
eggs and larvae - of li« alvclnes. Morgan-Jones and Rodrlguez-
Kabana (1981)# while studying the pathology of H. glycines 
a^sts collected from Alabama soil, concluded that Fusarium 
oxysporum, F. solanl and Exophiala plsclphlla were major 
pathogens wher/\s Neocosmospora Vaslnfecta, Phoma multl-
rostrata and Vertlcillium leptobactrum were probably invol-
ved in the degradation of cyst cuticle^ Dunn et al^ . (1982) 
studied the ability of three strains of P. Illacinus to 
colonize eggs of M. incognita in vitro. A fourth strain. 
Isolated frcm sclerotla of Sclerotlnia minor buried in 
agricultural soil in Mexico, proved ineffective in this 
regard.Isolates penetrated the eggs by hyphal penetration 
of their encasing shells. Dunn (1983) reported that a new 
Species, P. nostocoldes Dunn, colonized eggs of Heterodera 
zeae. Godpy et al. (1982) isolated Verticillixim lamellifcQl», 
V. leptobactrum, P. macrostoma amd P. multirostratQ- from 
the cysts and eggs of H. glycines which were capable of 
degrading chitin and parasitize eggs of H. glycines and M. 
arenaria while the eggs of these two nematode species were 
not parasitized by Cfaaetomium indicum, Neocosmospor a vaslny 
feeta, F. solanl and F. oxysporum^ M4ap et al. (1982) stud-
ied the effect of chitin amendments for the control of M. 
arenaria. The fungal species, they Isolated from the 
treated soils, were Fusarium solanl, F. udum, Thlelavia 
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basicola, Humlcola fuscoatra and pseudteurotlura ovale. They 
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found that the eggs of M* arenaria were parasitized by all 
the fungal species while T. basicola also parasitized eggs 
of Heterodera glycines in vitro. Kerry et al. (1982) stu-
died the development and fungal parasitism of H. avenae 
females and eggs on susceptible cereals. They observed 
that fecundity was reduced and many eggs became infected. 
In the soil treated with formalin (38 % formaldehyde) sp-
iled at the rate of 3000 litres/ha the nematode multipli-
cation increased and parasitism of females and eggs was 
decreased. Nearly 60 % of the females failed to transform 
into Qyats due to the infection of N. gynophila and v, chla-^  
oydosporiruB. Godoy et al. (1983) isolated four fungal para-
sites of H. arenaria eggs from field soils of Alabama. These 
fungal species were Fusar ium»«.oqcy8porum, Paecilomyces lilacA-
nus, pseudppopulospora kendrickii and Verticillivim Chi amy do-
sporium, Goddard. It was found that P. lliacinus was the 
most frequently occurring egg parasite. The green house 
experimental results indicated that P. lilacinxis and V. 
phlawydosporiuun were effective in reducing the infestation 
of M. arenaria. Gintis et^ al. (1983) investigated fungal 
parasitism of H. glycines females and dysts on soybean and 
reported that a progressive increase in fungal colonization 
occurred with nematode development. From these developing 
stages the fxingi most frequently isolated were Chaetomium 
cochloides Palliser, Exophiala pisciphila, Mc Ginnis and 
AJello, Fusarixim oxysporum^ F. solani, Phytophthora cinna-
moni Rands. Pythium spp. a sterile raycelium and Trichosporon 
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b e i g e l l l , (cllchenm and Rabenh.), Vxilll . While, on .the other 
hand, fungi that occurred in s igni f icant nvuabers in only the 
aged CT*^' included Cylindrocarpon tonkinensist Bugni, Neo-
cosmospora vasinfecta Smith, P• l i l a c i n u s , p . var iot i Bai-
nier, Phona t erres t r i s Mond., Scytalidium fulv\m .Horgan-Jones 
and G.tvvitis and V e r t i c i l limn ghltaydospor imn > Some fungi 
namely, c . coch'loides, PaecilopByces s p . , p . t e r r e s t r i s , P . 
cinn^PBoni, Pythium s p . , V. crh2,ainydosporium and V. l e can i i 
(Zinm) Viegas were regularly encountered in t h i s study 
and these fungi were able to invade eggs and destroy the 
larvae. Morgan-Jones e t a l . (1983) i / o l a t e d V. ci'hlaniydos-
poriuta from females of M. arenarj^a and demonstrated i t s abi-
l i t y to paras i t ize nematode eggs in v i t r o . I t prevented egg 
hatching and colonized eggs by hyphal penetration. Both the 
egg she l l and larval cut i c l e were disrupted and hyphae rea-
d i ly prol i ferated endogenously within the eggs and larVo^. 
Dube and Smart (1984) observed that the reduced root g a l l -
ing and an increase in the y ie lds of H. incognita infested 
Rutgers tomato, NC 2326 tobacco and California wonder pep-
per plants were the resul t of combined inoculation of Baci-
l l u s penetrans and P. l i l ac inus than due to the e f f e c t of 
either pathogen separately. Noe and Sasser (1984) fou^d 
that the y ie ld of tomato and Pkra plants infected with 
M. incognita, was increased after the treatment with p . 
l i l a c i n u s in conparison to untreated treatments. Morgan-
Jones et a l . (1984) conducted an ej^eriment ^ v i t r o to 
evaluate the ab i l i ty of Paecilomyces 1 il? acinus. Isolated 
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from mature cysts o£ H. glycines^ to parasitize the eggs 
of M. arenazia. The fungal hyphae in the vitelline layer 
readily penetrated the egg shell through small pores. Due 
to change in permeability the invaded eggs became swollen. 
After penetration^ the hyphae became •nlarged, crushed the 
chitin and lipid shell layers and permeated the egg con-
tent including developing larvae whose cuticles were 
disrv^ted. Rodriguez Kabana et al. (1984) isolated 
several fungal species from chitin treated soil. These 
fungi parasitized eggs of Globodera» Heterodera and Meloi-
dogyne species. With the increase in levels of chitin in 
the soil the number of cysts of H. glycines colonized by 
fungi and the number of fungsd species in the cysts dec-
reased. Amendments did not affect the occurrence of Nea-
cosmosporagjPaecilggnyces/ pythium and Phytophthora in the 
cysts. Grant and Elliot (1984) studied the fungal parasi-
tism of H* glycines and Globodera solanacearum. The fungal 
colonies which developed from the cysts of JH, glycines in-
cluded species of Rhialophora» Fusarium, Gliocladium, Tri-
choderma/ Rhizopus^ p aeciloinyces^  Verticillium> Qidiodendron, 
Aspergillus, Monocillium, Diheterospora. Chaetopsinia & Peni-
cillium. The species of Diheterospora and Trichoderma were 
identified in association with only G. solanacearum cysts. 
Dackroan and ifordbring Hertz (1984> & 1985} isolated fungal 
parasites of Heterodera avenae. Among the egg parasites, 
Verticillium chlamydosporium was common in young cysts on 
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roots whereas an unldaQtlfied species of Vertici l l iure (Sp-1) 
was the dominating species In aysta from the s o i l espec ia l ly 
If the s o i l had been stored f « : 8-12 laonths^Verticllliuni 
dhlamydosporixim was frequently i so la ted from eggs in c?ysts. 
Vertici lHum sp . 1 was d i s t inc t from i t because i t did not 
produce dlchtyochlamydospores in aerial mycelium. Paec i lo -
rayces 111acinus» Microdochiuro bo l ley i , Cylindrocarpon sp , 
and several non-sporulatlng fungi were a lso i so la ted from 
the eggs in cysts co l lected from the s o i l . Jatala (1985) 
conducted an esqperiment at La Molina in which he observed 
that Temik (10 % G at 25 Kg/ha) and Teroik plus fungus 
combined with rotation reduced nematodes and inproved the 
quality of tuber in fungus + temik treated p l o t s . Yield 
of corn (Zea mays), a rotation crc^, in fungus and fungus 
+ temik treated p lo t s was double to that in the control 
p l o t s . Yield i n fungus treated p lot was higher than in 
the p lo t s treated only with Temik. According to Jatala 
(1985), the diameter of Orange frui t iCV>, "Valencia" was 
s ign i f i cant ly affected by the explication of three nematl-
cides and P. l l l a c l n u s . The frxiits of fungus treated trees 
had greater diameter than of those from trees treated with 
Temik, Vydate and Hocsp. Dickson and Mitchell (1985) eva-
luated the potential of p . l l l ac lnus alone and in combina-
t ion with ethoprop and fenamiphos for the control of M. 
j avanica on tobacco in microplots. The fungus grown on 
autoclaved wheat seed was added to 76-cm-d microplots at 
2 45.6 g/cm , Control included no treatment, nematode alone, 
wheat seed infested with fungus, wheat seed infested with 
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fungus and autoclaved. PlotS/ replicated seven times were 
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Infested with M. javanlca at 12o eggs/100 cm soil, and NC-
2326 tobacco was transplanted In the plots. Populations of 
P. lllaclnus estimated on a selective medium were 1.1 - 1.4x10 
progagules^oll one week after Infestation^ levels dropped to 
1.7-7.6x10 propagules/g soil at harvest. The root galling 
Index was 2.7-3.9 In nematode-lnfested plots |!reated with 
nematlcldes, however, plants with M. javanlca alone or In 
combination with P. lllaclnus had a galling Index of 5(l=low, 
5«high). Yields were 1,592-1,976 g of green leaf/plot except 
in treatments with M. javanlca alone (932 g/plot) or in com-
bination with fungus (997 g/plot) . Francl and Dropkln (1985) 
found that Glomus fasciculatum was a weak pathogen of Hetero-
dera glycines. Croshier et al., (1985) Incorporated p. llla-
clnus into the soil of potted tomatoes Infected with M. java-
nlca and found that the fungus parasitized a high percentage 
of Jd. javanlca eg^s. Mldha (1985) tested the efficacy of P. 
lllaclnus in controlling root-knot infestations on cowpea 
and mung. Three methods of inoculations were tried namely 
egg mass, eggs and larvae. It was observed that fungal 
spores had some effect on the Infestation level. Egg 
masses were less in both treatments where Inoculum source 
was egg masses or eggs. Khan and Husain (1986a) reported 
Fusarlum solani parasitizing females, eggs and Juveniles 
of M. incognita, collected from heavily Infected brinjal 
roots. Infected juveniles and adults were deformed and 
thickly covered with fungal mycelitim and chlamydospores. 
6 
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Infested eggs were yellowish brown with shrunken inner 
contents and the rtiptured egg shell was covered over by 
the developing fungus. Since conidial stage was not found 
to develop on nematodes, they concluded that M. incognita 
acts as a weak medium for the development of this fungus. 
Khan and Husain (1986b) evaluated the efficacy of different 
inoculum levels of P. lilacinus for the control of Rotylen" 
chulus reniformis on cowpea. Addition of higher inoculum 
levels (1 or 2 g/pot) of P. lilacinus significantly reduced 
plant damage caused by R. reniformis« The reniform nematode 
caused 29.07 % reduction in root nodulation when present 
alone but only 18.6 % reduction in the presence of P. lila-
cinos. In treatments receiving higher inoculum levels 
about 11 - 45 9& females and 18 - 33 % eggs were found 
infected with the fungus. Davide and Zorilla (1986) con-
ducted a field e^qperiment to determine the effectiveness 
of p. lilacinus against a, incognita and reported that the 
nematicide treatment reduced the nematode population in 
soil more effectively than p. lilacinus treatment resulting 
in a comparatively better yield. However, there was no sig-
nificant difference in fruit weights among P. lilacinus and 
nematicide treated plants. Shahzad and Ghaffar (1987) tested 
the effect of p. lilacinus alone and in combination with 
furadan against M. incognita on nung and Qkca. They re-
ported significant decrease in the root-knot infection on 
okra and mung pleuits in all treatments as conqpared to con-
trol, paecilcxayces lilacinus alone and in coinbination with 
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furadon gave good results reducing the Infection by more 
than 40 % in mung and by about 60 % in otkra. 
Control by Organic Amendments: 
Lear (1959) reported that the populations of Hetero-
dera rostochiensis Wollenweber, 1923 and H, gchachtii Sch-
midt« 1871 were reduced in soil amended with castor pomace. 
Similar results were obtained ty^ Miller and Taylor (1970) 
against H. tabacum Lownsbery & Lownsbery, 1954. Castor 
pomace also decreased the population of Tylenchulus semi-
penetrans Cobb, 1913 and Meloidogyne spp. The. efficacy 
of Ceistor pomace was more in pot tests than in the field 
tests (Mankau and Minteer^1962; Mankau# 1963). Singh (1965) 
reported that in pot experiments KaranJ cake (pongamia glabra 
vent.) reduced root-knot development on tomato by about 50 
and 100 per cent at low and high doses respectively. Singh 
and Sitaramaiah (1971) provided evidence that in addition 
to KaranJ cake, other cakes viz.# margosa (Azadirachta 
indica Juss), castor (Ricinus communis. Linn), peanut 
(Arachis hypogaea Linn), mustard (Brassica juncea Linn), 
mahua (Madhuca indica Gmel) and linseed (Linum usitatissimum 
Linn) effectively controlled root-knot infection on 0kra 
and tomato. Amending the soil with different oil cakes re-
sulted in reduction of root-knot development on tomato, egg-
plant, okra, chilli, tobacco, paddy, moong, wheat and cotton. 
(Goswami and Swarup, 1971; Srivastava g^ §!.•* 1971; ^ owda. 
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1972; Mathur and Prasad, 1973; Mishra and Prasad, 1973; 
Gour and Prasad, 1970; Mishra and Prasad, 1974ji. .Ismail et 
al. (1976) reported that all the oil cakes tested were 
equally effective on different varieties of tomato against 
a number of plant parasitic nematodes. Alaro et al. (1977c) 
noted that oil cakes of castor, mustard, neem and groundnut 
and two nematicides viz., DD and liemagon equally sxippressed 
the population of Hoplolaimus indicus, Tylenchorhynchus 
brassicae, Tylenchus filiformis and Meloidogyne incognita 
around tomato, potato and radish. The beneficial effect of 
these treatments were observed even after a lapse of 6 
months when corn, bottle gourd and sann henp were grown 
in the following season. 
Alam (1976) showed that oil cakes were equally effec-
tive both in; winter and summer seasons and also in two dif-
ferent soil types i.e. one with high organic content with 
pH 8.4 and emother with low organic content with pH 7.7. 
He also achieved satisfactory control of nematodes in 
vegetable nurses^es. 
Oil cakes of cotton seed and peanut and chicken litter 
reduced root galling caused by Meloidogyne arenaria and sti-
mulated plant growth of fiicurbita pepo(Mian and Rodriguez 
Kabana, 1982a)• Soil treatments with oil cakes was very 
effective in reducing Meloidogyne exigua on coffee^Moraes, 
1976). Gowda (1972), Gowda and Setty (1973), Trivedi et. 
al. (1978) and Desai efc. §i. (1979) found that different oil 
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cakes reduced the population of Meloldogyne Incognita on 
tomato, chillies and tobacco. 
Oil cakes were also found to suppress the root-knot 
developnent and population of other parasitic nematodes 
on vegetables and perennial crops (Khan, 1969; Khan et al., 
1966, 1979; Alam and Khan, 1974.; Alam et al^, 1977a, Sid-
diqui et al,, 1976; Bhatnagar et al., 1978; Janeh and 
Lamberti, 1983)^. 
Khan et al. (1976) and Alam et al. (1977a) found 
that the oil cakes of castor, mustard, margosa and ground-
nut reduced the population of plant parasitic nematodes in 
nurseries of arewia, papaya, pomegranate, mango, black berry, 
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lemon and rose. 
Water extracts of oiled and deoiled cakes and their 
distillates were found to be toxic to different plant para-
sitic nematodes (Khan et^al., 1966, 1974b; Rao and Prasad, 
1969; Mishra and Prasad, 1973; Sitaramaiah et al., 1974 and 
Alam et al., 1982) . High mortality of Meloidogyne incognita 
was achieved by extracts of marotti cake, KaranJ cake, neem 
cake and groundnut cake (Desai et al., 1979) and of M. ja-
vanica by aqueous extracts of margosa cake (Sitaramaiah 
and Singh, 1977) . 
Vijayalakshmi and Goswami (1986) reported that ger-
mination of Vigna radiate was unaffected 1^ neem cake, 
whereas neem oil delayed and suppressed germination. Both 
neem cake and neem oil were effective in reducing root 
penetration by M. Incognita Juveniles at 3 and 6 days after 
germination. 
Effect of root exudates and plant extracts of a niunber 
of medicinal and poisonous plants have been tested on nema-
tode mortality, hatching and for control l ing plant diseases 
caused by nematodes (Husaln & Saxena, 1969; Husaln« 1979; 
Alam et ^ . 1975; Husaln & Masood, 1975a*b; Husaln et a l . , 
1984). Many of them have been found s ign i f i cant ly e f f e c t -
ive against nematodes. Husaln e t a l . (1984) observed that 
root-dip treatment of egg plant seedlings with margosa and 
marigold leat extracts , aldlcarb, Decarls, mustard cake and 
carbofxiran reduced root-knot development as coopared t o 
treatment with clna, piperazlne Citrate, Chen(^odliim o i l 
and groundnut cake. Treatments with S/2 concentrations of 
t e s t materials were better tor plant growth lnprovement but 
/ t or jd i sease contro l ' s ' concentrations were e f f e c t i v e . 
CHEMICAL CONTROL 
One of the most effective means of controlling plant 
parasitic nematodes is the application of a nematicide. The 
first nematicide D-D, a soil fximigant (1,3 dichloropropene 
and 1,2 - dlchloropropane and related hydrocarbons) was 
Introduced in 1945. Since then the use of nematicides inc-
reased slowly for the first several years, but has increased 
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rapidly during the last 15 years. A number of neinaticides 
are now used to protect highly susceptible crops from nema-
tode infection. 
Kinloch (1972) found that nematicides like DBCP/ 1«3-
jdUchloropropane, Dasanit, Neraacur, cheroagro 7375, Tirpate, 
Vydate, VC9 - 104 and Carbofuran controlled the infection 
of Mj. incognita on soybean* Treated susceptible varieties 
gave greater yield in comparison to treated resistant vari-
eties. Jimenez Roco (1976) reported that Phenamiphos 40 % 
EC and DBCP 75 % EC were effective for controlling root-
knot on beaas but Di-trspex 100 % was less effective. 
Minton et ^ . (1977) observed that the application of DBGP 
after subsoiling and the use of cultivars of soybean with 
different levels of resistance to M. incognita increased 
plant yield but did not provide adequate residual control 
of the nematode for economical soybeeui production. Yein 
et al. (1977) found that application of aldicarb (1.5 kg 
a.i/ha) alone or in combination with nitrogenous (12.5 kg 
N/ha) or phosphatic (40.0 Kg P/ha) fertilizers significantly 
reduced the larval population of M. incognita in the soil as 
well as the root galling on Phaseplus aureus. No significant 
differences in nematode numbers oo in galling, as compared 
with the controls, were found with nitrogenous or phosphatic 
fertilizers individually or in combination. Dukes et al. 
(1979) reported that Ethoprop treatments (6.73 Kg/ha) of 
heavily infested soil increased the seed yields of Vigna 
unguiculata in field trials. Rodriguez - Kabana et al. 
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(1979^) observed that the supplication of granular fornrula-
t ions of phenamiphos, aldicarb or oxamyl was responsible for 
the increased i^ield of peanut plants infected with M. arena-* 
£ia« regardless of method of their incorporation. In another 
publication Rodriguez-Kabana et JLI. (19791^/ reported that 
2 formulations o^ £!DB applied at planting time of soybean 
were as e f f ec t ive as DBCP in control l ing the infect ion of 
M. arenaria, M. hapla and H. glycines.Singh e t _al. (1979)' 
treated Vigna radiata plants infested with M. incognita 
with various concentrations of D-p, DBCP« aldicarb, fen> 
sulphothion or dichlofenthion. They observed highest i n -
crease in the seed y i e ld of 439 and 386 % with OBCP appli-
cations of 22 and 15 kg DBCa» a . i /ha respect ive ly . They 
further reported that in a subsequent crop of chickpea cv.-
G,/f30 the p lo t s treated with fensulphothion and aldicarb 
showed a s igni f icant increase in seed y i e l d over untreated 
control . Rodriguez-Kabana 4F |Cl&(r (1979) showed that ampli-
cation of £DB ( s o i l brom 90 EC) or £DB - Chloropicrin 
(Terr-0-cide 72-27) to H. arenaria and M. hapla infested 
peanut f i e l d s at planting time reduced nematode numbers 
and increased y i e l d s . Maximum y ie ld increases were obtai-
ned over the range of 14.03 to 18.70 L/ha. Francis and 
Baldwin (1980) observed that Temik 15 6 or Nemacur 15 G 
gave s igni f icant y i e ld response in soybeans. Singh et a l . 
(1981) found that DBCP, D-D, and dichlofenthion 5G (6 Kg/ha), 
were most e f fec t ive in control l ing M. incognita and increa-
sing y i e l d of green gram (Phaseolus aureus). Yield of the 
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subsequent Chxclqpea crop was Incxeasecl In all tzeatinents. 
Singh and Reddy (1981) found that phenamlphos and aldicazb 
gave greater control of M. incognita and higher yields than 
did carbofuran, dichlofenthion, fensulfothion and ethopro-
phos when applied to phaseolus 'yulgaris in the field. Verroa 
et al. (1981) found that the application of aldicarb and 
carbofuran resulted in a decrease of root galling and 
larval population of M. incognita on Vigna tigconitifolia 
which in txarn increased its yield. Disulfoton and phorate 
though decreased larval populations significantly but did 
not reduce root galling or increased yield of V. aconiti-
folia. Kaushik and Bajaj (1981) found that carbofuran and 
bendiocarb at 2 and 4 % and phenamiphos at 4 % reduced the 
number of galls of M, javanica on mung after 35 days of 
sowing and carbofuran and phenaroiphos at 1^  2 and 4 % re-
duced the number of galls on gram sifter 42 days of sowing. 
Rodriguez - Kabana et al. (1982) reported that sinple band 
treatment of aldicarb and phenamiphos at planting time to 
control M, arenaria on grovmdnut and M. incognita on soy-
bean gave better nematode control and yield increase in 
comparison to siiqple in-furrow treatment and combined band 
and in - furrow treatment. "iNovaretti et al. (1982) obser-
ved that the application of carbofuran 5 G at 50 Kg/ha or 
TemiX 10 G at 25 Kg/ha at planting time to soybean in the 
soil heavily infested with M. j avanica, Pratvlenchus bra-^  
chyurt^ s and Helicotylenchus spp, caused significant reduc-
tion in nematode population. However, carbofuran was more 
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effective against pratylehchus and Hellcotylenchus sp. 
Singh and Redd/ (1982) found that the nematlcldes aldlcaxb, 
carbofuran, ethoprop* or phenamlphos reduced the root-knot 
index and Increased the cowpea yield when applied one day 
before sowing. However« phenasoiphos and aldicarb were 
more effective. Rodriguez-Kabana e$ al. (1982) observed 
that greatest yield of groundnut infected with M. arenaria 
was obtained if the nematicides - aldicarb« carbofuran, 
oxanyl and phenaniphos were applied during the first 
two weeks after planting. Delaying nematicide s^plication 
until 8 weeks after planting was generally ineffective. All 
applications of oxamyl and aldicarb in the first 4 weeks 
decreased nematode population. Kinloch (1983a) reported 
that out of 12 nematicides, soil brom 90 prevented deve-
lopment of M. arenaria papulations and significantly in-
creased yields of soybean. In another experiment he (1983b) 
observed that the reproduction of M. incognita was inhibited 
when Nemacur 15 6 or Soil brom 90 was applied alone or in 
combination to soybean fields. Hagan and Vieeks (1983) found 
significant yield increase of peanut in M. arenaria infest-
ed plots treated with Temik 15 6 in comparison to those 
treated with poil-brom 90, Nemacur, Temik, furadan or Mocap. 
Phipps and Elliott (1983) studied the efficacy of several 
nematicides and found that the ^plication of Temik 15 G 
@ 12 lb/acre resulted in a good control of M. hapla on pea-
nut. Reddy (1984) tested the efficacy of aldicarb, carbo-
furan or phenamlphos (each at the rate of .25, .50 or 1 %) 
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as seed treatment for the control of M. incognita on 
cowpea, f rench. bean and pea. Fenamiphos, at its highest 
concentration, was the best to reduce root-knot index in 
all czopa. It was followed b/ aldicarb and carbofuran. 
In general, the increasing doses of nematicides were 
increasingly effective in reducing root galling and incre-
asing the pod. yield. Mani and Sethi (1984) found that 
chickpea seeds treated with Benlate and Carbofuran gave 
highest seedling emergence in the presence of M. incognita. 
Fusarium oxysporum f. sp. ciceri and Fusarium solani. Hagan 
and Weelcs (1984} found that H. arenaria populations were 
significantly reduced by the application of Temik @ 20 lb/ 
acre or Temik 10 lb/acre plus post plant application of 
Vydete to peanuts. Increase in yield was observed in all 
Temik treated plots with or without Vydata. Sultan (1985) 
found that the amplication of aldicarb at 1.5 kg a.i/ha 
was the most effective treatment for the control of H. 
incognita on Vigna radiata. Grain yield was increased by 
68 !l(_and straw yield by 86 % as compared to control. Reddy 
(1985) reported that phenamiphos gave greatest control of 
root-Itnot on pea followed by aldicarb and carbofuran (2.0 
Kg a.i/ha). Sharroa and Trivedi (1985) observed that fen-
sulfothion, aldicarb or cytrolane gave the most effective 
control of M. incognita on pea. Carbofuran, aldicarb or 
Cytrolane treated plants also had significantly higher num-
ber of nodules. Rodriguez-l^^ana et al. (1985) obtained 
highest yields of peanut infected with M. arenaria when 
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treated with aldlcaxb, etbylene dlbxomide ox oxan^l. 
When seedlings of Cioer axletlniaa Infected with M. 
1avanlca wexe treated with neem ox datura leaves (200 ox 
400 qulntals/ha), aldlcarb or caxbofuxan (1.5 ox 3.0 kg a.l/ 
ha) or phoxate (3.0 or 6.0 kg a.l/ha) then aldlcarb and neem 
were most effective In Increasing growth and reducing gall-
ing (Ram & Gupta, 1981) . Gupta and Ram (1981) found that 
Neem leaves gave the greatest Increase In plant growth 
and decrease In root galls/plant In all soil types when 
they applied neem leaves or datura leaipes @ 200 q/ha., al-
dlcarb or carbofuran @ 1.5 kg a.l/ha or phorate @ 3.0 kg 
a.l/ha to ehlclqpea plants Infected with M. javanlca. Kon-
taxls and Hageraann (1981) observed that only 2% of soybean 
plants against 68 % In the control showed root galling 
caused by M. javanica In plots treated with 1, 3 - dlchlo-
ropropene @ 6 gal/acre. 
Blrchfleld and Williams (1974) found that soil fumi-
gation with Mocaq? and/or DBCP significantly reduced Roty-
lenchulus renlformls populations on susceptible but not on 
resistant soybean varieties. Sivakumar et al. (1976) found 
that application of carbofuran @ .18 and .36 kg a.l/ha 10 
days after transplanting gave significantly higher yields 
of tomato In M. Incognita Infested fields. Carbofuran @ 
..IS and .30 Kg a.l/ha and aldlcarb @ .40 and .80 Kg a.l/ha 
10 days after transplanting controlled Rotylenchulus renl-
formls and Increased plant yleld,-^  Mahe^atra and padhl (1986) 
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found that aldicarb alone or in combination with the growth 
regulators or with superphosphate or sodium molybdate signi-
ficantly reduced reniforra nematode population and in^roved 
growth of chlcl^ea p l an t s . 
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MATERIALS AND METHODS 
Root-knot nematodei Meloidoqyne incognita.(Kofold and 
White, 1919) ChitMOOd, 1949 and renifoxm nematode, Rotvlen-
cholna reniforada Linfoxd and Oliveixa, 1940 will be used 
a9 test pathogens and pea (pismn sativoa) as test plant. 
Preparation and Sterilization 
o£ Soil Miaiture: 
Sfuady loam soil, sieved through 16 mesh sieve and 
mixed with sieved sand and organic manure in the ratio of 
33lsl respectively will be used throughout the course of 
study. Unless stated otherwise, six inch clay pots will be 
filled with the soil mixture at the rate< of 1 Kg/Pot, A 
little water will be poured in each pot to Just wet the 
soil before transferring to an autoclave for sterilization 
at 20 lb. pressure for 20 minutes. Sterilized pots will be 
allowed to cool down at room teB(>erature before iise for ex« 
periments. 
Raising and Maintenance of Test Plantst 
Seeds of pea plants, surface sterilized with 0.1 % 
mercuric chloride solutions for two minutes, washed thrice 
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in stezllized water and dried at roon tenperature^ will be 
treated with pea strain of Bhizobioa before sowing. The 
bacterized seeds will be sown In pot, at the rate of 5 seeds/ 
pot and later, on gemination, thinning will be done so as to 
naintain only one plant per pot. Plants will be watered 
whenever required, two week old well established and healthy 
seedlings will be used for eaqperiawntal purposes throughout 
the course of investigations, unless stated otherwise. 
Raising and Maintenance of pure 
Culture of nematodes» 
Pure culture of M. incognita will be raised on pea 
plants using single eggnass collected from galled pea roots. 
The eggmass will be surface sterilized by treating it with 
Is500 aqueous solution of cdilorcx (Calcitua hypochlorite) for 
5 ninutes as described by den Ouden (1958) . Treated eggmass 
will be washed thrice in distilled water. The eggs, in the 
eggnass will be allowed to hatch out at ± 27^0 under aseptic 
conditions on a sieve layered with tissue paper and kept in 
petridish cont8d.ning sufficient amount of sterilized distil-
led water, pea seedlings grown in 12" clay pots containing 
autoclaved soil will be inoculated with the larvae so obtai-
ned. A slide of perineal pattern of the same female from 
which the eggmass will be picked up, will be prepared and 
examined for species identification and verification. 
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The Inocalun of rtmlfom aenatode will, at first, be 
raised on one week old pea seedlingigrown in 4"* clay pots con-
taining small amount of sterilixed soil by transferring sin-
gle, sterilized gravid female in tbe vicinity of the root 
zone. Nematodes will be extracted from the pot soil after 
a month through graded sieves of 16,60 and 400 mesh accor-
ding to modified cobb*s sifting and gravity method followed 
by Baermann funnel technique (Southey, 1970)• Henatodes so 
obtained, will be used for inoculating fresh pea seedlings 
grown in several 12" clay pots containing sterilized soil. 
Second stage larvae of root-knot nematode and immature fe-
males of reniform nematode will infect the roots and soulti-
ply there on in respective pots. After 6-8 weeks, a little 
of soil fr^D near the root zone and roots of inoculated 
plants will be examined s^arately to confirm the estab-
lishment and multiplication of each nonatode species. After 
2-3 months, the plants will be cut at the ground level and 
the soil will be processed for nematode extraction by the 
technique mentioned earlier. The root will be washed tho-
roughly under running tqp water, cut into small pieces and 
transferred near the root zone of pea seedlings growing in 
the microplots containing sterilized soil. Separate soil 
suspensions containing JtMreniles of M* incognita aad im-
mature females of R. reniformis will also be transferred, 
with the help of sterilized pipette, to the root zone of 
pea seedlings growing in the respective microplots. pea 
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seedlings will be inoculated £xoa tiae)^ lia3 in order to main-
tain a regular supply of tbe respective inoculum. Pure cult-
ures of |}« incognita and R. reniformis nultiplied and mainta-
ined in this way will, there after« be used for obtaining re-
quired inoculum. 
Preparation of nematode inoculumt 
Large number of egg masses, frc»i heavily infected pea 
roots on which pure culture of H* incognita would have been 
multiplied, will be hand picked with the help of a sterili-
zed foroep. These eggmasses, after being washed in distil-
led water, will be placed in a sieve with a l«ver of double 
tissue paper. The sieve will be placed over a petridish 
(10 can diameter) containing water. The water level will be 
k^t such that it Just touches the lower portion of the sieve 
having egg masses. A series of such assemblies will be kept 
to obtain large number of second stage larvae required for 
inoculations. After every 24 hours» the hatched out larvae 
will be collected along with water from the petridishes in 
a beaker and fresh water added to the petridish. 
For extraction of reniform nematodes, soil %fill be 
collected from microplots where its pure culture would have 
been develqped and maintained on sweet pea plants. The 
soil will be processed for obtaining immature females and 
males of reniform nematode using Cobb's sieving technique 
described earlier. The quantity of soil to be processed 
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foe extraction of R. reaiforajg would depend v^on the amoant 
of Inocolun required. Meaatode suspension will be collected 
in a bealcer from the funnel stem after 24 hours. 
Separate water suspensions of above nsntioned nematodes 
will be thorcnaghly stirred for making homogenous distribution 
of nematodes before taking 2 ml suspension in the counting 
dish (Southey, 1970) for counting the number of nematodes 
fr<MB eadi saaple under the stereoscopic microscope. An ove-
rage of five counts will be made to determine the density of 
nematodes in the suspension. 
Volume of the nematode suspension wdLll be so adjusted 
that each ml may contain about 100 nematodes. It will be 
done by adding more water or decanting the excess amount of 
water, as the case would be, so that 10 ml of this suspens-
ion may be poured in each ^ot to provide required inoculum 
level (i.e. 1000 nematodes/pot) . 
Inoculation Techniques; 
Unless stated otherwise, one week old pea. seedlings will 
be inoculated with 1000 specimens of either nematode species 
throughout the course of these investigations. 
Feeder roots of seedlings. Just before inoculation^ will 
be ejqposed by careftUly removing the top layer of soil and a 
required quantity of nematode suspension will be poured uni-
formly all around the exposed roots using a sterilized pipette. 
Exposed roots will immediately be covered by levelling the 
soil properly. 
Throughout the course of studies each treatment will 
be replicated five tiiaes and watering will be done after 
every 24 hours. 
EXPERIMENTS 
I) Race Identification: 
The populations of reniform and root-knot nematodes, 
which will be maintained on microplots, will be used for 
race identification. 
a) For Root-Knot Nematode; 
For identification of race of M. incognita, six differ-
ential h^st plants viz. cotton "Delt^ine - 16", tobacco "NC-
95", peanut "Plorunner", watermelon "Charleston Gray", pepper 
"California Wonder" and Tomato "Rutgers", will be used. Seeds 
of these plants will be sown in-e" clay pots containing IKg/pot 
autoclaved soil. Twenty one days after germination, each 
seedling will be inoculated with 1000 root-knot larvae. 
After 60 days of inoculation, the plants will be depot-
ted and data concerning plant growth characters and nematode 
multiplication will be recorded for determination of races 
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of each nematode species. Oetexmlnatlon of race of coot-
knot nematode will be made using the method of Taylor and 
Sasser (1978). The number of galls and eggmasses will be 
counted separately for each root system and index prepared 
on the basis of following formula; 
0 * no galls or egg rviC^S^S 
1 a 1 - 2 g a l l s or egg masses 
2 X 3-10 g a l l s or egg masses 
3 « 11-30 l^alls or egg masses 
4^>. a 31-100 g a l l s or egg masses 
5 « Over 100 g a l l s or egg lyJXS^eS 
The hos t p l a n t s having an average g a l l and eggmass 
indeK of 2 or l e s s w i l l be considered r e s i s t a n t (-) , and 
the p l a n t s on which nematode reproduction w i l l be moderate 
t o high with an average g a l l and eggfMJSS i n ^ x more than 
2 w i l l be considered s u s c e p t i b l e (-f) . Data w i l l be com-
pared with the chart proposed by Taylor & Sasser (1978) . 
b) For Reniform Nematode; 
Seeds of castor« co t ton and pea w i l l be sown i n 6" c lay 
pots conta in ing 1 Kg autoclaved s o i l per p o t . Twenty-one days 
a f t er germination each s e e d l i n g w i l l be i n o c u l a t e d with 1000 
immature females of reniform nematode. Categor izat ion of 
race w i l l be done as suggested by Dasgupta & Seshadri (1971) . 
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II} studies On Pathogenicity: 
Effect of the two nematode species (M. incognita and R. 
reniforais) on plant growth and disease developnent will be 
studied using three different inoculua levels (100# 1000 and 
10,000 nenatodes/plant) of each pathogen individually as out-
lined in Table - 1. 
- 1 
Inoculation S^iedule Showing Different 
Treatnents 
Treatoient Mo. 
1 
2 
3 
4 
5 
6 
7 
8 
9 
Heaatode inoculua (Huaber of 
NeMitodesA>ot) 
M« incognita 
10 
100 
1000 
10000 
UninoBUlated 
R« renifornis 
10 
100 
1000 
10000 
control 
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III) Effect of Age of pea Seedlings On The 
Developiaent of Disease Coag)lex Caused 
By M. meognita and R, ^Leniformis; " 
Susceptibility of plants to nematode attack depend 
t:^ on the age of the plants at the tine of inoculation (Grif-
fin and Hunt 1972; Jafee and Mai. 1979 and Seinhoxst and Koz-
lowska^l977) . 
Pea seedlings of 1«2,4,6 and 8 weeks age will be ino-
culated with M. incognita and R. reniformis individually 
and concomitantly. Appropriate control of uninoculated 
seedlings will be maintained side by side for conaparison. 
IV> Studies On Interactions Of Different 
Inoculum Levels Of Test Pathogens? 
The different inoculum levels of M. incognita and R. 
reniformis will be used to inoculate pea seedlings both in-
dividually and concomitantly in their various combinations 
given in the following table - 2. 
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TABU - 2 
Inoculation Schedule showing Interaction 
Of Different Inocalun Levels of Root-knot 
and Renlform Nematodes 
nematode Inocoliai (Muinber of HeiBatodes/t>ot) 
M. Incognita R. -ft/Bnlforals 
8000 
4000 
2000 
1000 
750 
500 
250 
8000 
4000 
2000 
1000 
750 
500 
250 
1000 1000 
8000 8000 
750 250 
500 500 
250 750 
2000 1000 
2250 750 
2500 500 
1000 2000 
750 2250 
500 2500 
8000 4000 
8000 2000 
8000 1000 
4000 8000 
2000 8000 
1000 8000 
Treatment No. 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
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V) Pr«^ Post And Si»alfn»<w iBocalation 
In case of anltipathofienic infections of a host plant* 
interpathogenic competitions foe food and suxyivaX axe very 
•ach esqpected. In order to stud^ this aspect of interaction* 
pea seedlings both bacterized and uhbacterized* will be ino-
ctslated with the two test pathogens individually, siaultane-
ously and in a pre and post inoculation s^iedule as outliosd 
in Table - 3« Two sets of plants (uninoculated bacterized 
and uninoculated unbacterized) will be kept as control. 
Each pot will receive 1 gn Rhizobial inoculua whererer 
needed. For preparing Rhizobial inoculuoi 100 gm OMmercial 
bacterial culture of pea strain of Rhizobium will be dissol-
ved in 1000 ml sterilized distilled water so that each 10 nl 
stispension would contain 1 gm bacterial culture. 
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TABLE - 3 
Inoculation Schedule 
1 Unlnoculated - Unbacterlzed 
2 Unlnoculated - bactexized 
3 Inoculated with Mi 
4 Inoculated with Rx 
5 Inoculated with Mi -i- Rz 
6 Inoculated with Mi -i- Rh 
7 Inoculated with Rr -t- Rh 
8 Inoculated with Mi •!• Rz + Rh 
9 Inoculation with Mi 15 days prior to Rr 
10 Inoculation with Rr 15 days prior to Mi 
11 Inoculation with Rh 15 days prior to Mi 
12 Inoculation with Mi 15 days prior to Rh 
13 Inoculation with Rh 15 days prior to Rr 
14 Inoculation with Rr 15 days prior to Rh 
15 Inoculation with Mi 15 days prior to Rr •*• Rh 
16 Inoculation with Rr-hRh 15 days prior to Mi 
17 Inoculation with Mi-iRr 15 days prior to Rh 
18 Inoculation with Rh 15 days prior to Mi -i- Rr 
where Rh » Rhiaobiuai 
Mi « Meloidoqyne incognita 
Rx " Rotgleacfanlus reniforais 
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VI Split^Root Technique; 
In order to determine the presence of transmissible 
substance or substances In plants Infected with root-knot/ 
xenlforra nematodes which night have an effect on the repro-
duction and development of test pathogens, the plants will 
be individually and concomitantly inoculated with both the 
nematode species into two compartments of split-root con-
tainers (Estores and Chen, 1972) . The eacperiment will be 
designed in the following way; 
1) Individual inoculation of R. reniformis and 
M. incognita on roots of one ccnqpartment and 
"siBRiltaiieottS inoculation of Rhizobiua on the 
roots of another coiqpartrasnt of the same pot. 
2) Individual inoculation of R. reniformis and 
M. incognita on the roots of different coiqpart-
ments 6z the same pot. 
3) Simultaneous inoculation of R. reniformis and 
M. incognita on one compartment ax^ at the same 
"^ime RhigQbium Inoculation on another compart-
ment of the same pot. 
VII Studies On Biological Control; 
Culture of paecilowyces lilacinus will be developed and 
maintained on Richard's lic[uid mediuia to be used as inoculum. 
Four inoculum levels (0*25, 0.50, 1^0 and 2.0 gro fungus/ 
plant) of paecilonyces lilacinus will be used to determine 
its efficacy as a biocontrol agent for the control of R. 
reniformis and M . incognita on pea plants. Hundred females 
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and eggmasses of each nenatode species will be collected 
from the roots of plants inoculated with p • lilacinus and 
either nenatode species after 60 days of inoculation. 
These females and eggraasses will be transferred separately 
to sterilized petridishes containing autoclaved 1.0 % water 
agar and incubated at 25^C. After 7 da^s incubation the 
percentage of fungus infected females and egg masses will 
be calculated. 
VIII Studies en The Effect Of Culture Filtrates 
^ Co—only Occurring Soil Fungi On Disease 
Developwant And Plant Growth: 
Fungal cultures of some connonly occurring soil fungi 
will be obtained fron the Division of Mycology and plant 
Pathology* I.A.R.I. Their cultures will be developed on 
Richard's liquid medium. These fungi will be grown for 15 
days in 150 ml of Richard's medium. Fungal filtrates will 
be obtained by filtering 15 days old culture through What-
man filter paper No. 1. Filtrates, thus obtained and freshly 
prepared sterilized Richard's medium will be clarified by 
centrifugation at 6000 rpm for 15 minutes and i«>^ Ji^ taken 
as standard solvations "S*. Different dilutions {S/2, S/10 
and S/100) of each fungal filtrate and Richard's medium 
will be prepared by adding required amount of distilled 
water. 
10 ml of each dilution of each filtrate will be 
applied in the pot soil once every %feek for six weeks. 
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ZX Soil AmftndmBnt With Oil Cakes> 
For studying the effect of different oil cakes on dise-
ase developnent and plant growth^ mistard (Brassica conpest-
ris Linn); margosa (Azadirachta indica Juss); Castor (Ricinus 
Cft—anis Linn)> Mahua (Madhaca indica) and gr6undnut (Arachis 
hypoqaea Linn.)? Cakes will be used to amend the sterilized 
soil so as to provide 0*25, 0.5, and 1.0 g of Nitrogen/Kg of 
soil, Soil a{>plication of 5« 10 and 20 g of mustard, margosa# 
Castor cakes, 3.5, 7.1 and 14.2 g of groundjaut cake and 
8.3« 16.7, 33.4 g of Mahua cake will provide 0.25, 0.5 and 
1 g of Nitrogen. The required (quantity of cakes will be 
thoroughly mixed with the pot soil and left to decoinpose. 
Pea seeds will be sown after a waiting period of 3 weeks. 
One week old seedlings will then be inoculated. Untreated, 
uninoculated and treated uninoculated sets will serve as 
control. 
X Seed Treatment With Oil Cake Extracts, 
Nematicides and Plant Extracts; 
15 and 25 gra oil cakes of margosa and groundnut will 
be dissolved in 250 ml distilled water and kept for 24 hours. 
After this period the oil cake solution will be filtered 
through muslin cloth. About 10 gm seeds of pea will be 
soaked in each oil cake filtrate for 15 minutes. 
Nematicides, aldicarb/Temik 10 G (2-methyl-2-(methyl-
thio) propionaldehyde.i (methylcarbaraoyl)-oxime) and carbofuran 
A 
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(2« 3- dlhydro-2, 2-dijiiathyl- 7-bejazofuxanyl methyl carb^ a-
mate) will be used for seed txeaUtent. Neraatlclde pastes 
will be prepared by mixing 0.2 and 0.4 g of each nematicide 
separately with 50 ml of neutral gum. Seeds will separately 
be mixed with each nematicide thoroughly to give a uniform 
coating of the seeds with the nematicides and oil cakes. 
Freshly collected green leaves of margosa and raaxi<* 
gold (Tagetes erecta) will be sterilized in 0.1 % mercuric 
chloride solution for 2 minutes and subsequently washed 
thrice in sterilized distilled water. These leaves (50 g 
each) will be chopped and blended separately in 250 ml dis-
tilled water for 30 seconds* in an electrically operated 
waring blender, pea seeds (100 g) will be kept in each 
leaf extract for 10 and 20 minutes. Seeds* so treated, 
will be spread over a glass plate and allowed to dry in 
shade before sowing. One week old seedlings will be inocula-
ted singly and concomitantly with M. incognita and R. reni-
formis. Suitable controls (such as untreated uninoculated; 
untreated-inoculated* treated with gum - inoculated* and 
uninoculated - treated with leaf extracts will be maintained 
for ccxiparison. 
XI- Nematode penetrations 
Effect of seed treatment* with oil-cake* nematicide 
and leaf extracts* on nematode penetration will be studied. 
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Treated and untreated seeds will be soiirn at the rate of one 
seed per mlcropot containing 150 g sterilized sand. One 
week old seedlings will be s^arately inoculated by pipett-
ing 100 freshly hatched larvae of M* incognita and freshly 
collected ianature females of R. reniformis over the root 
surface of plants growing in each oiicropot. 
The seedlings will be uprooted carefully after 2, 4 
and 8 days of nematode inoculation. Root system will be 
gently washed with water and later stained in 0.1 % cotton 
blue in lactcphenol. Number of nematodes inside the root 
will be counted after dissecting them out under stereoscopic 
microscope and percentage of penetration will be calculated. 
Effect of seed treatments will also be studied on plant 
growth and disease development. 
Treated seeds will be sown in 6" cla^nots at the rate 
of one seed per pot. One week old seedlings, developing 
from treated seeds* will be inoculated with laoth the nema-
todes (M. incognita and R. reniformis) individually and 
concomi t ant ly « 
XII Mortality And Hatching Test; 
For studying hatching and mortality, sterilized pet-
ridishes of 5 cm diameter will be separately pipetted with 
5 ml of each dilution of fungal filterate. Two drops of 
0.1 % solution of streptcMiycin sulphate will be added to 
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each petridlsh to avoid bacterial contaodnation. One hun-
dred freshly hatched larvae o£ M. incognita and immature 
females of R« reniformis will be si^arately transferred to 
each dish. The sane number of root-knot nematode larvae 
and immature females of reniform nematode will be transfer-
red to separate petridishes containing sterilized distilled 
water to serve as control. 
After 6, 12, 24 and 48 hours the number of immobilized 
nematodes will be counted under stereoscopic microscope. Ap-
parently immobilized nematodes will first be transferred to 
distilled water for an hour to ascertain their mobility. If 
they fail to regain mobility they will be considered dead. 
Death of nematodes will further be confirmed by staining 
them in New Blue - R (Shqphered, 1962) and the percentage 
mortality will be calculated. 
For determining the cumulative larval hatch, 5 healthy 
egg masses of nearly uniform size of M. incognita will be 
hand picked or dissected out from heavily infested roots 
of pea plants grown in microplots and transferred to 5 cm 
diameter petridishes containing 5 ml filterate of different 
dilutions (S, S/2, S/10 and S/lQO) of each fungus separately. 
The eggmasses placed in sterilized distilled water will serve 
as control. All petridishes including those of mortality 
test will be maintained at 26 + 2^c in an incubator. Total 
nxiraber of hatched out larvae in each petridish will be 
counted after 5 days under stereoscopic microscope. 
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Fox detexminlng the effect of culture filtrates on 
plant growth and disease developnent, only two dilutions 
(S and S/2) of culture filtrates of fungi will be used. 
10 nl of each dilution will be pipetted over the surface 
of e3q;>osed roots at the tine of individual as well as 
coiabined inoculations with nematodes and the fungus. 
XIII- Screening of Sweet pea Varieties 
For Locating Resistance! 
Response of available varieties to the individual as 
well as conccMBitant inoculations with M. incognita and R. 
r 
reniformis will be studied with a view to find out resisiA.'acv-
or tolerance in any one or more varieties against any one 
or more of the above mentioned pathogens. 
Recording Of Observationst 
1- Plant Growth Determination; 
Plants will be uprooted after 60 days of inoculation, 
except stated otherwise. Root system will be thoroughly 
washed with rtinning tep water. Utmost care will be taken 
to avoid loss and injury of the root system during the en-
tire operation. For measuring the length and weight, the 
plants will be cut with a sharp knife Jwt above the base 
of the root aaergence zone. Length of shoot and root will 
be recorded in centimeters from the cut end to the tip of 
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the first leaf and longest root xespectlvely. The excess 
water of plants will be removed by putting them between two 
folds of blotting sheets for sometime before weighing them 
separately. The vreight will be recorded in grams. 
For neftsuring dry weight, the plants will first be 
kept in an even at 60^C to dry for 2-3 days. Shoots and 
roots will both be iieighed. 
Root-godttl^ Etimation: 
modulation will be estimated by counting the number of 
nodules/gm of root system. 
Root-Knot Bstimation; 
Intensity of root-knot will be categorized on the basis 
of the following scajLe. 
0 « Nil (No galling) 
1 > Light (1-25 galls/plant) 
2 s Moderate (26-50 galls/plant) 
3 » Heavy (51-75 galls/plant) 
4 * Severe (75 galls onward/plant) 
Nematode population Estimationx 
For extraction of nematodes the soil frcna each treat-
ment will be mixed thoroughly and a sxib-saople of 200 g soil 
Wf 
will be processed through sieves according to Cobb's sift-
ing and gravity method followed by Baernann funnel technique. 
The suspension will then be collected in a beaker and 
voluae made up to 100 ml. For proper distribution of nema-
todes, the suspension will be bubbled with the help of pipette 
and 10 ml suspension will be drawn and transferred to a coun-
ting dish. The number of mematodes will be counted in three 
replicates from each sanqple. Mean of three such countings 
will be recorded and the final population of neraatodes/Kg 
of soil will be calculated. R^coduction factor (R) of 
each nematode species will be calculated by the formula 
pf R » ^  where Pf represents the final and Pi the initial 
population of a nematode. 
To estimate the nematode population in roots, 1.0 g 
of root from each replicate will be macerated with enough 
water in an electrically operated waring blender for about 
30 - 40 seconds. The macerate will be collected in a bea-
ker and volume made up to 100 ml. Tl^ nematode population 
will be counted as described above. 
Any other observation of interest, if found^during 
the co\irse of investigations will also be recorded. The 
data obtained will be statistically analysed and interp-
reted. 
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